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WATER SUPPLY FOR IRRIGATION 



By F. H. Newell. 



INTRODUCTION. 

This report is the fourth in a series, each one of which relates to a 
certain extent to the hydrography of the arid regions, viz, to facts con- 
cerning the quantity' and distribution of water. Since these papers 
give the results obtained at various stages of progress, the one which 
is issued last must necessarily refer to data previously published, and 
perhaps repeat or modify some of the former statements. Before enter- 
ing upon the subject-matter of this paper refereuce should be made to 
the preceding discussions, which are contained, resi)ectively, in the first, 
second, and third annual reports of the Irrigation Survey, these being 
also known as parts ii of the Tenth, Eleventh, and Twelfth Annual Re- 
ports of the TJ. S. Geological Survey. 

PBEGEDINCr REPORTS. 

In the first annual report of the Irrigation Survey, on page 19, 
a description is given of the organization of this branch of the work, 
and on pages 78 to 90 Capt. C. E. Dutton reports upon the methods 
of the investigation and briefly describes a few of the results then 
obtained. In the second report, on pages 1 to 110, are given more de- 
tailed descriptions of methods and instruments, and also of the local- 
ities at which stream measurements have been made, the character of 
each drainage basin being briefly noted. The results of stream meas- 
urements are also shown in tabular form convenient for reference. 

The third annual report of the Irrigation Survey continues the dis- 
cussion of the subject of water supply or hydrography of the arid 
regions, and gives the results of measurements and investigations 
obtained during the fiscal year ending June 30, 1891. General descrip- 
tions are also given of the topographic and other features of some of 
the drainage basins, the. discussion of the Eio Grande and Gila basins 
being particularly detailed. The present report, continuing in a line 
similar to that pursued in the cases of the drainage basins just men- 
tioned, describes with equal fullness other of the more imi)ortant basins, 
and brings together all available information bearing njHyn the water 
supply. 
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AREA IRRIGATED. 

The total area npon which crops were raised by irrigation was, accord- 
ing to the results obtained by the Eleventh Census, 3,6«U,381 acres, or 
6,674.03 square miles. This applies to the year ending May 31, 1890, the 
census being taken during the following June. Comparing this area 
with the total land surface west of the one hundredth meridian, it is 
found to be approximately only four-tenths of 1 per cent. In other 
words, for every acre from which crops were obtained by irrigation 
there were nearly 250 acres of land most of which was not utilized in 
any way except for pasturage. 

The area of the land surface of the United States west of the one 
hundredth meridian and between it and the Pacific ocean is 1,371,960 
square miles, not including thirty-six counties of western Oregon and 
Washington. Within this great extent of country are nearly all possi- 
ble combinations of soil and climate, ranging from the smooth, almost 
barren, plains with scanty vegetation to the high rough mountains, the 
peaks covered throughout the year with snow and the slopes clothed 
with thick forests. In a broad way four great classes of land may be 
distinguished, according to the amount of moisture received or the 
water supply available, as shown prmcipally by the character of the 
vegetation. 

The following table gives approximately the amount of land embraced 
in each of these great classes : 

Square iiiilen. 
Desert 1 (X), 000 

Pasture 96 1 , 960 

Firewood 180, 000 

Timber 130,000 

Total 1,371,960 

The desert land is that within which the water supply is so small 
that the cattle can not obtain sufficient for drinking purposes, and the 
vegetation is too scanty or uncertain to be of value for pasturage. The 
soil is often rich, and with water would produce large crops. 

The second class embraces all the Great Plain region, which, owing to 
the prevailing aridity, is useful mainly as pasturage. The localities at 
which agi'icultureis possible are relatively of insignificant size, although 
of great importance in a grazing country. This (•lass also includes the 
valley lands within the liocky Mountain region and the rolling hills, on 
which native grasses grow. 

The land containing firewood is mainly that fringing the timbered 
areas, being intermediate in character between the pasture land and the 
high rough forested slopes or plateaus. It includes also the precipi- 
tous hillsides found at an elevation too low to receive a large or vAm- 
stant supi)ly of moisture, which in general falls upon the more heavily 
timbered areas. 

The fourth class embraces the forested areas upon the high moun- 
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tains, where the conditions are such that trees have been able to attain 
a size suitable for timber. A large pai't of this area has been bunied 
over at different times, destroying timber whose value to the country 
can scarcely be estimated, and a relatively small number of the trees 
have been cut for lumber, to supply the growing needs of the settlers. 
The existence of this timber, however, indicates a condition of climate 
and soil widely different from that prevailing over the plains or pasture 
lands. 

The irrigated and irrigable lands are mainly included within those 
divisions which in their natural state are considered as desert or pas- 
ture lands. In a broad way it may be said that fully nine-tenths of this 
area is covered with a fertile arable soil, which only lacks sufficient 
moisture in order to be of great value for agi-iculture. Out of this total 
of, in round numbers, over 610,000,000 acres there have been, accord- 
ing to the census, 3.(>31,381 acres, or less than six-tenths of one i>er cent, 
provided with a water supply sufficient to enable crops to be raised. 

ABEA IBBIGABLE. 

The proportion of this desert or pasture land which can be brought 
under irrigation in fiiture is dependent upon the thoroughness with 
which the water supply is utilized. It is obvious at the outset, how- 
ever, that this proportion must be small, probably under 3 per cent, but 
its exact amount can be determined only when the available waters of 
the region have been accurately measured. This simple fact, namely, 
that the area irrigable is governed by the amount of water flowing in 
the streams, at various times of the year, is often overlooked or for- 
gotten in popular discussions of the subject. 

The greater part of the available water supply comes from the high 
mountains with precipitous slopes, a less quantity being discharged 
from foothills, and a still smaller quantity, irregular in time of occur- 
rence, from valleys or plains. The results of measurements have shown 
that the average amount of water, taking one year with another, is 
seldom greater than 1 cubic foot i)er second or second-foot j^er square 
mile of elevated and st4*ep catchment area. The total catchment of 
this character within the area under discussion has been ascertained 
to be 300,000 square miles. This includes the greater part of the areas 
designated as being covered by timber and firewood. From the remain- 
ing land, namely, the pasture and desert, there is very little water 
available for irrigation. Although there is a large amount of water 
falling upon these tracts, yet the i*onditions are such that streams val- 
ual)le to agriculture are seldom formed, for the greater part of the 
moisture either sinks into the ground and is subsequently lost by evap- 
oration, or, when coming in heavy showers, flows off in the streams 
whose beds are nearly or quite dry for the rest of the year, and thus is 
plentiful only at times when there is no need of irrigation. 
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Assuming that there is an average annual discharge of one second- 
foot from each of the 360,000 square miles, the total amount of wat^r 
available for the supply of the 610,000,000 acres of pasture and desert 
lands above-mentioned ie 360,000 second-feet. Much of this water ^ 
however, escapes into large rivers which have cut their channels so far 
beneath the general level of the arable lands that the waters can not 
be diverted, and therefore they must be considered as lost to agricul- 
ture. This is notably the case with many rivers in the drainage basin 
of the Colorado river, also to a great degree in that of the Columbia. 
The total amount available for irrigation is therefore to be diminished 
by the quantity lost in this manner. 

The amount of water which can be saved by storage systems in the 
undulating and hilly country, or utilized by the conservation of water 
from springs or flowing wells, is a quantity even more uncertain than 
that flowing frt>m the mountains, for in this case there are few general 
facts of broad application. It may be assumed^ however, that this 
amount will not exceed the quantity lost in deep drainage channels, 
such as those of the Colorado and Columbia systems. Taking, there- 
fore, the whole amount of water available in the arid region as 360,000 
second-feet, the area of land which can be irrigated can be approxi- 
mately ascertained by assuming a standard duty of water. If, for ex- 
ample, 1 second- foot flowing throughout the year will irrigate 100 acres, 
then the total irrigable area is approximately 36,000,000 acres, or about 
ten times that upon which crops were raised by irrigation in the census 
year. With an average water duty of 150 acres to the second-foot, the 
area irrigable will be 54,000,000 acres, and so on, according to the duty 
of water assumed. 

SIZE OF STREAMS. 

The relative amount of water discharged by various rivers of impor- 
tance to irrigation is shown by the diagram, Fig. 42, which gives at a 
glance the size of these streams at times of high and low water, and 
also the average for one or two years or more. From this diagram may 
be inferred the acreage which possibly can be irrigated by each of these 
streams by assuming a standard duty of water. In this figure the 
names of the rivers are given in the space to the left, and to the right 
of each of these is a bar whose length indicates the quantity of water 
in the stream. The vertical lines give the quantity in cubic feet per 
second. For example, in the case of the first stream, the AYest (lalla- 
tin, the bar almost reaches the 4,000 line, indicating that the discharge 
fell under this amount, while in the case of the Missouri it was over 
16,000. The black portion of the bar, by its length, indicates the mini- 
mum discharge of the stream for the time during which measurements 
were made, while the shaded portion, including the black, shows the 
average discharge. The total length of the bar, including the black, 
cross-fis)jSckejd^iftltinshaded portions, indicates the maximum discharge. 
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In the ca«^ of two of the streams showu in this diagram, the maxi- 
mum discharge exceeds the amount which can be shown on the sheet, 
that of the Salt being 900,OiM) second-feet, re^juiriug to show it a dia- 
gram containing seventeen times the si>ace allowed on Fig. 42, and in 
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FlQ. 42. — Diagram of maximum, minimum, and mt^n diacharge» of western rivers. 

the case of the Snake 50,000 second-feet, or abont three times the allot- 
ted space. In order to make a comparison between the streams of the 
arid i^egion and some well-known rivers in the east, a second diagram. 
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Fig. 43, is introduced, showing similar facts, the scale, however, being 
much smaller. The relative change in scale can be seen by comparing 
the small space opposite the words "Upper Missouri'' in Fig. 43 with 
the length of the line representing the same quantity in Fig. 42, this 
latter being the third line or bar from the top. In Fig. 43 the flood 
discharges of the Snake river at Idaho Falls, Idaho, and of the Salt 
river above Phoenix, Arizona, are shown in their relative proportions, 
the mean discharges being, however, scarcely perceptible on this 
diagram. The computations of discharge of Sacramento river apply to 
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Fio. 43.— Diaiptun of discharges of large rivers of the United States. 

the total outflow as determined by the state *engineer of California. 
The remaining streams shown on Fig. 43, those in the eastern part of 
the country, were measured by oflBcers of the Corps of Engineers, U. S. 
Army, except in the case of the Potomac, where gaugings were made 
by this Survey. The quantities shown on the diagram apply to the 
total discharge. The amount of water in the Mississippi at a point 
below the mouth of the Ohio would be represented by combining the 
three lines or bars at the bottom of the diagram. These three sets of 
values there shown, namely, for the Missouri, Upper Mississippi, and 
Ohio, represent strictly the discharges for the year 1882 only. 




DEITH OF WATER DBAINED. 



RELATIVE Bl'H-OFF. 

The nin-off, or quantity of water discharged per unit of area of the 
draiuage basin, is exceedingly variable, being dependent upon the to- 
pography and climate of the drainage basin, each of these embracing 
too many details to be enumerated in fill!. The difterence in quantity 
is illustrated by Fig. ii, which shows in a diagraniatic form the relati%'e 
size of tlie basins drained and the amount of water flowing from them 
in the course of the year. Each circle in this diagram represents by 
its size the area of the drainage basin named, the latter being, as a 
matter of fact, exceedingly irregular in outline. The black line or bar 
at the right of each circle gives by its length the relative depth of 
mn-ofl', the unit adopted being the depth in inches per stinare mile 
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drained. The vertical lines indicate the number of inches; in the ease 
of the West Gallatin, for example, a little less than 15 inches of water 
per year cantetrom the drainage basin, or, in other words, if the water 
which flowed in the West Gallatin could be held without loss, it would 
cover a plain surface the size of the catchment area to a depth of less 
than 15 inches. 

By the examination of this diagram. Fig. H, it will be seen that as a 
rule the discbarge per square mile is less from the large ba8in.s than 
from the smaller, or, in other words, the larger the basin the smaller 
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the mn-off. This is a fact noticed many years ago by engineers, and 
often recognized in computations of probable discharge of rivers based 
upon the area of the drainage basin and depth of rainfall. The decrease 
in run-off does not vary directly as the area of the basin, and for sim- 
plicity it has sometimes been taken as a function of the square root 
of the area. In this form it has been used in the formulas quoted in 
various works upon this subject. 

The cause of the decrease in the proportion of run-off as a larger 
part of any drainage basin is taken is due principally to the fact 
that in the larger catchment areas there is usually included a greater 
percentage of level land, while in a small basin, embracing the head- 
waters of some stream, the catchment area may consist wholly of high, 
steep mountain slopes, upon which there is heavy precipitation and from 
which the water flows with great rapidity, the loss from evaporation 
being greatly reduced. This, for example, is the case in each instance 
shown in the diagram where the depth of run -off is great. The West 
Gallatin, Madison, and Eedrock, the East and West Carson, and others 
have a catchment area composed almost exclusively of steep mountain 
slopes. 

The decrease in depth of run-off with increase of area drained is 
shown in a striking manner in the case of the Bio Grande, the dis- 
charge of which beyond a point a short distance from the upper head 
waters increases but slightly, although the area tributary to the stream 
continues to grow larger and larger. In the case of this river, how- 
ever, some allowance must be made for the peculiar condition of the 
drainage basin, embracing large catchment areas from which no water 
flows except in time of flood. In fact, as pointed out by II. T. Hill, 
the Rio Grande may be considered as a stream which has cut its 
way through a series of lost-river biwins, and which, but for the outlet 
near El Paso, would be classified with the streams of the Great Inte- 
rior basin. 

There are occasional exceptions to the general rule that the average 
depth of run-off decreases as the basin grows larger; as, for example, 
in the case of the Bear, where, as shown by the diagram, the run-off at 
OoUinston, below Cache valley, is greater than at Battle Creek, at the 
head of the same valley. This is due to the large run-off from the 
mountains on the east side of Cache valley, the topography being far 
more broken than at the head waters. The rule in this case will hold 
good if the streams from these mountains are considered as the main 
source of supply for the river and the water entering from other sources 
as tributary to these. 

For convenience of reference the following table has been prepared, 
showing the mean annual run-off from several of the more important 
drainage basins, these being arranged in the order of proportion of 
discharge. This relation is expressed in this table not only in depth 
in inches, but also in second-feet per square mile drained, viz, the 
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average discharge for the year in cubic feet per second is di\ided by 
the area in square miles from which the water comes. To obtain the 
depth in inches, it is necessary to multiply the second-feet per square 
mile bv 13.575: 
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As will be seen by this table, the depth of run-off varies greatly, 
ranging from over 32 inches in the case of the West Carson, which 
heads in the Sierra Nevadas, down to 3.5 inches for the Spanish Fork, 
whose catchment area is comparatively low and broad. The average 
of these twenty-three cases is 13.8 inches, or at the rate of a trifle over 
1 second-foot per square mile. The catchments of these streams being 
well distributed throughout the mountainous area of the arid region, 
the average run-off as obtained in this way may be considered as being 
fairly representative of the discharge from the higher mountains of the 
West, and it has been used in this way in the preceding discussion. 



FLUCTrATIONS OF RIVERS AND LAKES. 

The average discharge, as discussed above, is a matter of first imi>or- 
tance in considerations of water supply, but second only to it is a 
knowledge of the fluctuations which take place in the quantity deliv- 
ered day by day or year by year. If the stream flowed at about a 
certain rate for long periods at a time or fluctuated with the seasons, 
returning to a former level each month, the subject of water control 
would be comparatively simple; but, unfortunately, the quantity of 
water flowing in a river is the resultant of so many variables, that it is 
impossible to predict with i ny degree of certainty what will be the 
amount flowiag in the streaii during the next crop season. 
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Farmers have learned by exx)erience to estimate thex>ossibIe discbarge 
during the next succeeding crop season by the general appearance of 
the snows in the mountains, but beyond these rough approximations, 
as to whether the stream will be high or low, it is impossible to obtain 
definite knowledge. A study of the character of the fluctuations, how- 
ever, which have taken place in past years throws light upon the 
probable behavior of the stream, and the longer such observations 
have been kept up the better able are the irrigators to judge of the 
probabilities. 

The variation in the amount of water discharged day by day is shown 
graphically upon a number of plates published in the preceding annual 
reports, and also in a number of diagrams on the following pages. An 
examination of these diagrams shows that most of the rivers have a 
certain similarity in the character of the variation, namely, in that the 
water increases in amount during the late spring or early summer and 
then decreases to the minimum in September or October. This is the 
seasonal change which may be traced on nearly all diagrams of river 
height or discharge. Comparing the diagram for one year with that of 
another for the same stream, it is seen at a glance that although there 
is a certain similarity, yet no two actually coincide, the floods of one 
year coming earlier or later than those of another, and the total amount 
of water discharged diflering by a large amounf. There are thus, 
besides the change from day to day, two classes of fluctuations to be 
considered: First, the monthly or seasonal, which from its regularity 
may be called the periodic fluctuation, and second, the change from 
year to year, which from its great irregularity is known as the non- 
periodic oscillation. 

The periodic oscillation or variation in height or quantity of wat^r in 
rivers and lakes is a matter which can be readily determined by meas- 
urements carried on through a series of years. It follows in a general 
way the changes of temperature and is aftected to a certain extent by 
variations in the amount of rain or snow fall; the relation in this latter 
case, however, not being one whose connection can be readily traced, 
except in the case of rivers similar to the Gila, receiving a great part 
of their waters from violent local storms. These rivers, however, can 
scarcely be said to have a periodic oscillation, although the storms are 
more apt to occur during certain months of the year. On PL lix of the 
third irrigation report^ a diagram is given, showing the periodic oscil- 
lation of four rivers in connection with the average rainfall at a tyi>ical 
station in the basin of each stream. 

The periodic fluctuation of a number of important rivers and lakes of 
the United States is illustrated in Fig. 45, wliich shows in a generalized 
form the average height for a number of years. At the toji is shown 
the average gauge height of the Missouri river at Yankton, S. Dak., 
and below this of the Cache la Poudre and Arkansas rivers near the 
point where they leave the mountains in Colorado, f ii the case of the 

> Twelfth Ann. Kept U. S. 0«ol. Survey, pt. 2, Irrigation p. 220, 
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firtit stream tbe rise to the Jtine flood is rapid aud the decline is gradnal, 
while ill the other two the Jnne flood is more abnipt, the water falling 
nearly to the minimnu in Angast. Below these is given the average 
gauge height of the Arkanaas at Fort Smith, Ark., showing the differ- 
ence in the behavior of the river at a point farther away from the moun- 
tains. Here floods prevail irom February until June,then falling to low 
water in September or October. The early floods come from the lower 

r. Apr. MJT-Janc-.lnlr. Aue. SepL Ott. Sov. IJtc. 



CachF U Poodrr 



Arkusu at Furt Smith 




> 4S — DUgnio of periodic otdltotlooi of tnln lenL 



plains region, and the^* are followed in tarn b\ high water from more 
elevated portions of the basin, the head water floods coming last of alL 
The fifth figure from the top is that of the average gauge height of 
tbe Colorado river at Tuma, Arizona; the floods in this great stream 
culminating in Jniie, as do those of the mountain streams of the arid 
region. Below this is the San Joaquin river of California, whose great 
est discharge comes a little earlier in the season, the high water of 
winter beginning in December or even in November. Tlie rise in both 
of these rivers is similar in many ways to that of Great Sf^t lake and 
13 GEOL., PT. m 2 
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Utah lake, in Utah, the maximum in both of these occarriiig in June 
and the altitude of the surface falling gently toward winter. The last 
four diagrams on the page show the behavior of the principal Eastern 
rivers. This shows the later spring tioods of the Northern rivers as 
compared with those farther South, the high water in the Savannah 
being earlier than in the Potomac and in the latter than in the Connec- 
ticut. The curve of river height of the Monongahela is typical of that 
for other tributaries of the Ohio. 



NONPERIODIC OSCILLATIONS. 

The nonperiodic oscillations give rise to the greatest concern on the 
part of the engineer and the irrigator, for while he csin be reasonably 
certain regarding the character of the periodic variation he must at all 
times be on the watch for extraordinary occurrences for which there 
are no analogies. The rivers and lakes may for a time increase in 
volume or may apparently shrink so gieatly as to cause serious alarm 
as to their permanence. In the humid regions these nonperiodic oscil- 
lations are of less moment, but in the arid regions, where w^ter is 
always scarce, any change for the better or worse has an immediate 
effect upon the community as a whole. 

The extent and character of nonperiodic oscillations may be illus- 
trated by a few instances taken from streams in Colorado and other 
states. By reference to the table given below the average monthly dis- 
charge of the Cache la Poudre can be seen for the months from April to 
October inclusive for the years 1884 to 1891. This table shows that the 
average discharge for the seven months gradually decreased from 1,573 
sec(md-feet in 1884 to 373 sec'ond-feet in 1888, a decrease of 1,200 second- 
feet, or over three-quarters of the amount flowing in 1884. Since 1888 
the discharge has increased, being in 1891 less than one half that in the 
year first named. This, as can be imagined, is a most serious matter; 
for if streams are liable to shrink to a third or even a quarter of their 
value, the owners of the canals taking out the water, as well as the irri- 
gators, must of necessity suffer. 

Mean monthly diachanje in Hfcond-fert of Cache la Poudre creek\ Colorado. 



Yi'ar. 



April. May. Junv. July. AiixiiHt. S<'iitomlM'r. ()rtolM*r. 



1884 219 2,M7 ! 

1885 447 1,41» , 

1886 *300 1,:M)9 

1887 ''200 *1,300 

1888 181 4«:J ! 

1889 1 113 640 

1890 200 1.044 

1891 144 1,221 

Meau , 225 1,245 i 



4,812 
2.910 
1,876 
1.401 
1.113 
1,338 
1.280 
1,900 



2, 144 
1,857 
717 
735 
420 
514 
649 
541 



792 
656 
:i3H 
307 
213 
187 
2X7 
228 



2,079 



947 



37t5 



* 


~ ■ 


305 


2ori 1 


272 


203 


185 


129 


175 


*120 


109 


'90 


67 


69 


103 


W» 


138 


118 



Averjijje 
for seven 
months. 



1.573 
1,109 
693 
6(^5 
373 
419 
520 
013 



1G9 



126 



738 



* Estimated. 
Note.— These data, obtained for the most part from meaHuremontM made by the state engineer of 
Colorado, have been published in ditferent form in the Twelfth Annual Report of the U. S. (ieological 
Survey, part 2. irrieatitm, page 348. Th« interpolations given above, since they have l»een computed 
for the whole montn, differ somewhat from the ligurcs in the report named, these latter relating to 
portions of months only. 
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A fluctuation of a similar character, although not as decided, is shown 
by the Arkansas, whose drainage basin is farther south, but in many 
wayssimilartothat of the stream above mentioned. As shown by the 
following table, the average discharge in 1886 was 1,572 second-feet, and 
in 1889 was only 523 second-feet, or about one-third of the former amount. 
In succeeding years, however, the discharge increaseiU the average in 
1891 being 1,382 second-feet, or about two and a half times that of 1889. 

Mean monthly dUvharge in second-feet of ike Jrkan$a$ rirer at Canyon City, Colorado. 





Y.-ar. 


inm 


1887 


1888 


1889 


189ti 


1891 


1892. 


Mean 



ApriL May. June. July. AupiKt. September. October. fTL-^-^ff 



•600 
"450 
•1.000 
300 
477 
H57 
522 



2.285 
4.875 
1.440 
OUO 
2.09U 
2,012 
1.241 



4.190 

2.«02 

2.090 

1.374 : 

2.611 

3.291 . 

2,787 



1.192 
2.510 
1.350 
602 
1.571 
1.468 
1.798 



1.110 
1.284 
932 
340 
670 
951 
769 



1.029 
844 
605 
220 
519 
473 
435 



•600 ■ 
•600 
•500 I 

223, 

531 

624 ' 

511 



1.572 
1.452 
1.131 
523 
1.210 
1,382 
1.152 



6(11 



1.649 



2,707 



1.499 



6e:» 



589 



513 



1,203 



• The tisures for 1886 and 1887 have been computed from the discharfie niea»urementa at Pnebln. 
•Uowanct- beinj; made for the difference in drainage areaa. See Eleventh Annual Report of the U. S. 
Geological Survev. part 2. Irrigation, pages 97-98: alno Twelfth Annual Keport. part 2. page 349. 

Tliat these oscillations, so strongly marked in the case of the Cache 
la Poudre and Arkansas, are not local may be seen by making com- 
])arisons with records of streams in other parts of the countr}\ There 
are few rivers in the arid region, however, which afford records of con- 
siderable length, and the character of the oscillations can perhaps best 
be shown by records of the height of Utah lake, a fresh- water lake in 
I7tah, and for a longer period by those for Great Salt lake, into which it 
empties. As shown by the following table Utah lake rose in height from 
1884 to 1885 and then fell steadily until 1889, when it began to rise again. 
By comparison with the longer record of the height of Great Salt lake, it 
appears that this slight rise and continuous decline for a number of years 
are part of an irregular oscillation. The level of th is latter lake has been 
falling, with occasional interruptions, for about fifteen years, this grad- 
ual decline being checked for a time by high water in 1885 and 1886. 

.\fean monthly height of Utah lake, Utah, above compromise line. 



Year. 


Jan. Frli. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Aunual. 




Feet. Fe^t. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


lJ^84 ... 


_n-7 -U-3 


•»-3 


»-8 


•>-•> 


4-4 


46 


3-5 


2-6 


2-4 


2-3 


2*2 


202 


l>yv» . . 


2-4 2-6 


2."> 


2-7 


3-4 


4-2 


3-9 


.31 


26 


2-2 


2-1 


21 


282 


1>8« . . 


.»..> .».;{ 


2- 3 


2-.'» 


3-0 


3-2 


2-6 


1-7 


0^ 


0^5 


0-4 


0-6 


1-85 


Ii*e7 . . 


OA 0-9 


0-9 


0-8 


10 


1-2 


0-9 


0-0 


— u-7 


-11 


—1-2 


—11 


0-20 


lh>W ... 


-0-8 -0-5 


-0-1 


00 


— JJ-2 


-0-7 


—1-2 


-15 


-1-8 


-2-1 


—2-5 


-26 


-117 


1N«... 


_2-5 2" 2 


-1-6 


—1-3 


—1-9 


—2-4 


-2-9 


-3-3 


—37 


-4-1 


—4-0 


—3-3 


—2-77 


18911... 


_2-8 I— 2*2 


-1-6 


-11 


—0-5 


0-1 


— 1»-4 


— 4J-9 


—1-2 


—1-4 


-1-5 


—17 


-1-27 


1891 . 


-1-7 —1-4 


-OH 


— U-2 


0-3 


41-8 


(►•1 


—0-5 


'— 0-9 


-12 


—1-3 


—12 


-0^67 


l^J . . 


_UK — ui 


0-2 


0-2 


0-3 




































Mi-ans . 


_u-43 — O-IO 


0-23 


0-49 

1 


0-84 


1-35 


0-9.'. 


0-26 


—0-28 


—0-69 


—0-71 


-0-62 


-Oil 



X<>TE.— TheM> data ha-ve been obtained from a anrvey of Ttah Lake and from recorda kept by 
variouA individuali*. notably J amen A it ken. Lake Shore. T'tah county. Utah. All records have 
been re<luced to compromise line, via. an arbitrary height marked by two monomenta. one near 
the mouth of Jordan river, the other near the mouth of the old channel of Spanish Fork. Thia 
heij!ht. when etttabliahed in 18f&, by agreement between the coontica of Salt Lake and Utah waa 
a»8umed to be 3 feet 3.5 inches above low water. (See also diagram of flnctnatkms in Twelfth Annual 
Report of the U. S. Geological Sonrev. part 2. Irrigation, page 336. Fig. 229.) 
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Mean annual height of Great Salt lakey Utah, above Lake Shore zero. 



Year. Jan. 


Feb. 


Mar. 


Apr. 


May 

Feet. 


June. 


July. 


! 

■ Aug. 


Se]>t. 


Oct. 


Nov. 


Dec. 


AnnuaL 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


1875 
















5-7 
6-8 


5-6 
6-7 


6-5 


6-7 
*6-6 




1876 ... 60 


61 


6-3 


6-4 


1 6-8 


7-5 


7-6 


7.2 


8.7 


1877 












7-3 
61 






61 
*5-2 


5-8 
4-8 


'i'l' 


6-0 


1878 . . . 


6a 


*5-9 


60 


*61 


1 6-2 


63 


*'5-8 


*5-5 


57 


1879 . . . 










50 
32 












2-5 
1-7 


2-6 
1.7 


40 


188(> . . . 2*7 


2-6 


2-8 


29 


3-3 


3-2 


2-8 


2-3 


V-9 


2-6 


1881... 


20 


2-5 


2-6 


2-7 


31 


84 


3-2 


2-8 


2.3 


21 


20 


21 


2-6 


1882 . . . 


2-2 


2-3 


2-4 


2-6 


2-9 


2-9 


2-6 


2-3 


1-7 


1-4 


14 


1-4 


22 


1883... 


1-4 


1-5 


1.5 


1-7 


♦1-8 


♦20 


*21 


*20 


1-7 


0*9 


05 


0-4 


1-5 


1884... 


0-4 


0-5 


0-8 


1-2 


1-8 


25 


2-8 


, 2-5 


2-4 


2-3 


2-2 


23 


18 


1885...; 2-6 


2-8 


30 


3-3 


3-6 


40 


42 


40 


3.5 


3.3 


3.2 


32 


34 


1886. ..1 3-5 


3-8 


41 


4-3 


4-5 


4-6 


42 


; *40 


*3-8 


3-6 


8-4 


36 


8-9 


1887... 3-5 


3-5 


3-8 


3-9 


40 


40 


3.8 


; 8.5 


2*9 


2.6 


2.5 


*25 


3*4 


J888... 


2-6 


2-7 


2-8 


80 


2-9 


2-7 


2-8 


' 20 


16 


1-3 


00 


10 


23 


1889... 


10 


1-2 


15 


■ 1.2 


1.2 


0.9 


0.3 


—0-3 


-10 


— 10 


—0-9 


—09 


03 


1890... 


—0-8 


-0-4 


00 , 


0-2 


0-7 


10 


0-8 


0-5 


00 


-0-4 


— 0-4 


—0-4 


0.1 


1891... 


—0-3 


—0-3 


00 


0-1 


0-3 


0-4 


01 


— 0-3 


— 0-5 


-0-6 


-0-7 1 

1 


— 0-8 


-0-2 


Mean. 


2-33 


2-4a 


2-68 . 

1 


2-83 


3-20 


3.25 

1 


3-37 


2-77 


2-58 


2-5« 


2.41 ! 

1 


2.23 

1 


2-72 



'* Eljitiiuated. 
KOTB. — The data from which the greater part of the8e flgurea have been obtained are to be foand 
in Oilbort's Monograph on Lake BonneviUe, pp. 233-238. 

These facts are best shown by reference to Fig. 46, wliich gives in 
graphic form the averages of the mean values shown in the above four 
tables. The rapid decrease of water in each of the rivers and lakes just 
mentioned clearly apx)ears, although the maximum and minimum |)oints 
do not happen on the same years in each c;ase. The longer record of 
Great Salt lake gives a hint as to what may have been the amount of 
water in Utah lake, and possibly in the streams during preceding years. 
According to this diagram the height of Great Salt lake has been as 
a whole steadily decreasing, but that this is only the latter part of a 
great fluctuation, a return from unusually high water to conditions 
more nearly normal, can be seen by referring to a diagram contained 
in Gilbert's monograph on Lake Bonneville.* According to this ftgure, 
the high water of 1876 is not far from the maximum for this century 
at least, while the low water of 1890 may be considered as being above 
the average height previous to 1865. 

The most i>rominent feature shown in Fig. 40 is the unusually high 
water prevailing about 1885. This is a condition which has been 
noticed in many other localities, namely, that from 1884 to 1886 there 
was an extraordinarily large stream discharge and that lakes increased 
in height, in some localities the rise reaching its maximum in 1884, in 
others not until later. For comparison with the rivers of Colorado and 
the lakes of Utah just mentioned may be given the Colorado river 
and the San Joa(iuin, the former draining the wCvStern i)art of Colo- 
rado, the eastern half of Utah and nearly all of Arizona, and the lat- 
ter receiving its waters from the western slope* of the Sierra Nevadas. 
These, as will be seen by examination of Fig. 47, show a great rise in 



» Lake Bonneville, by (;n>vo Carl (Jilbert, Washington. 181H>. Mon. IJ. S. (Jeol. Survey, Vol. J, pa^ 
243. Fig. 33. 
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1884, followed by a decline more or li-se grailiial and au iiiei-eatie toward 
the end of tbe decade. On tliis iianie diagram is given a curve, »bow- 
ing tbe variation in rainfiill at all of the stations in the western part 
of the United States, where reconl has been kept for the past dei-ude. 
Tbe average annual r^nfall. as shown on Fig. 47. agrees ipiite cloxely 
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Fiu. tit DuKnn or DnDprriodIr uwHIntiang a[ vuioas rlTcrv uid UkH, 

with the behavior of the rivers, more closely, in favt, than would have 
been anticipated. It shows that, taking tbe country as a whole, there 
was an extraordinary amount of precipitation during 18S4. At about 
that time the great increase in raiafnil was noticed and popularly at- 
tributed to tbe effects of ealtivatiiin and to other causes nnder tbe con- 
trol of man. That these ttdctuations in precipitation are widespread, 
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e eveu in tbe Hlighteiit degi-ee, 



awl wholly remote troiu liiimaii iiifli 
lianlly needs discussion at present. 

For comparison T\'ith the flui'tua- 
tioiis of Great Salt lake it i« inter- 
eating' tci note the average lieiglit 
of water in tbe Great Laken, \nz, 
Snpcrior, Mivliii^au, Erie, anil On- 
tario, during the Rame years. Tbis 
is given on Fig. 48, and an exami 
nation HbowK that in a minor degree 
tl.ero is a certain cuintridetice. For 
instance, there are in both »ises 
times of relatively high water in 
1870, 1S77, and 18S5-'87, afer which 
date both fall. These points of 
agreement, however, are equaled 
or surpassed in importance by dif- 
ferences in the general form of the 
cntvi} as a whole, Salt lake having 
unusually high water ttoin 1870 
to 1880, while tlie diagram for the 
Great Lakes shows almost tbe re- 
verse. The important distinction 
in the two shonld not beoverlooked, 
namely, that Great Salt lake has 
no outlet to discharge ItN excess 
water, while the Great Lakes have. 

The iionperiodic variations in 
height in rivers and lakes, while 
taking place in humid regions, are not as generally noticed as in the case 
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Fia. 48 OlwmmsboiiiniiGonipirlsaiiatDanperiodiriMclUiUoiii nCtlu) Great Lakes with (i 
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of the waters of ariil 1>m<U. bco^iuse. water being far tu excesx of all 
demands, an increase or diminution passes anheedod by the oublic, 
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of the Gn-U Lake*. 



altUongh the same amount of change in the arid region would be of vital 
imiKkrtaiiee. OccasioiiaIl,v,however,circiimstanee8 occur by which these 
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oscillations are forced upon public attention, as, for instance, in the 
case of Lake Michigan, which from 1879 rose steadily until 188G, and 
alarm was excited for the safety of the wharves and other property at 
Chicago. In the following years, however, the lake fell more rapidly 
than it rose, until in 1891 there was another alarm, but from the oppo- 
site cause, namely, that the lake was retreating so rapidly that it 
threatened to leave the wharves high and dry. 

Observations have been kept of the height of the Great Lakes for 
over thirty years, giving one the best re<;ords of oscillations of water 
level in this country. It is instructive to examine this record, shown 
in the following table, in connection with the present subject, and to 
note the changes that have occurred during three decades. These 
fetcts are also on Fig. 49, which gives diagramatically the mean annual 
water level at stations on lakes Superior, Michigan, Erie, and Ontario, 
the small circles indicating the average height for the year noted at 
the top of the figure. The undulating line passing through some of 
these points is a smoothed-out curve, constructed by the use of the 
simple formula 6'=J {a+2b+c)j in which 6' is the smoothed value for 
any year, a the observed value for the year preceding, b the observed 
value for the year under consideration, and c for the succeeding year:* 

Mean annual height below plane of reference. 



Tear. 



1800 
1861 
1882 
1803 
1804 
1806 
1880 
1807 
1808 
1809 
1870 
18n 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1870 
1880 
1881 
1882 
1883 
1884 
1885 
1880 
1887 
1888 
1889 
1800 



Feet. 



2*68 
302 
3-34 
2-98 
2-04 
2-72 
2-01 
2*58 
2-80 
3-25 
317 
2-84 
2.88 
2-75 
2-42 
2-87 
3-37 



3- 
3- 
3- 
3- 
3- 



01 
55 
■10 
•14 
•37 
3-51 
3-27 
•45 
•51 
22 
•18 
•31 



Feet. 

201 
2^03 
207 
2-54 
816 
3-40 
8-73 
3-29 
8-78 
3-66 
2-76 
2-82 
410 
3-45 
2*96 
321 
2-08 
2-31 
2-62 
3-54 
340 
2-88 
2-51 
236 
2-26 
201 
1-77 
2-41 
3-03 
3-56 
3-68 



Erie. 

1 


Ontario. 


Ffet. 


Feet. 


1-61 


2-31 


1-53 


1-53 


142 
1-71 


1-54 


194 


2-31 


2-12 


2-67 


2-38 


253 


2-72 


2-50 


1-77 


2-88 


3 19 


246 


2-34 


1-83 


1-26 


2-42 


263 


8-38 


4- 16 


2-67 


809 


216 


2-34 


2-83 


3-63 


1 1-41 


1 1-77 



1-82 
2-58 



1-63 
1-84 
1-77 
1-87 
1-76 
180 
240 
275 
205 



2-96 
2-36 
271 
311 
3*42 
23."i 
2-40 
1-95 
2-49 
1-77 
2-19 
8-37 
3-18 
2*23 



Mean. 



Feei. 



1-93 
2*30 
2-73 
2-85 
2.98 
2-57 
319 
2-76 
2-18 
2-78 
3-70 
301 
259 
3-11 
1-92 



2-54 
3-21 



241 
2-49 
237 
2-41 
2-19 
248 
303 
317 
2-82 



'In this connoction see preliminary report by Charles A. Schotton '' Fhictnations 
in the Level of Lake Champlain and Average Height of its Surface above the Sea/' 
Appendix No. 7, An. Rep. U. S. Coast and Geodetic Survey, 1887, p. 171. 
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Mean WMntkltf height hetofc plane of reference. 



Month. Saperior. Micbigan. Erie. Ontario. Mean. 



Fttt. . Feet. Feet. 

JanojUT 3-44 335 2-42 

February 3-«5 3-31 2-49 

March 370 315 2-30 

April 3-C2 . 294 1-83 

May 3-22 2®! 1-51, 

June 2-96 I 245 • 1-35 | 

July 2-71, 2-37 1-39' 

Augnst 2-62' 2-43 1-55' 

Septflmber 2-61. 2*62 IW ■ 

October 2-«5 2M 2-11 

KoTember 2J» 309 234 

December 3-20 3-30 239 



«f. 


Feet. 


306 


307 


306 


313 


2-84 


300 


2-26 


266 


1-83 


231 


1 68 


2-11 


1-74 


205 


2-02 


216 


2-41 


2-36 


279 


2-60 


3C»6 


2-84 


309 


300 



This matter of the Doii]>erioclic fluctuation of rivers aud lakes and its 
connection with variations of precipitation has been discmssed by many 
writers in connection with oscilhitions of climate. The most elaborate' 
discussion of the subject is probably that by Dr. Edward BriicknerJ 
In his work is given an elal>orate discussion of data concerning the 
variations of rainfall and temperature, also of wind movement and 
other climatic factors, accompanied by diagrams exhibiting these facts 
in concise form. This volume has been preceded by pamphlets upon 
the oscillations of water level in the Caspian, the Black, and the Baltic 
seas in their relation to weather and on the question as to what extent 
is the present climate constant. 

The principal fact taught by the examination of the fluctuations of 
the rivers and lakes of not only the arid regions, but of the United 
States as a whole, is that these are due to climatic forces, not only con- 
tinental, but even world-wide in extent. It is no uncommon thing for 
a river to sink to one-half of its average volume in any one year or 
double it the next. These matters, however, can not be regulated or 
affected, except perhaps in a very slight degree, by any action on the 
part of mankind. There is an idea widely current that the removal of 
the forest cover at the head waters of a stream acts injuriously in many 
ways and causes greater fluctuations in the quantity discharged, 
especially in time of flo<xl. This is a matter, however, exceedingly dif- 
ficult to prove on account of this enormous variation in volume which 
^akes plaice in every stream, whether in a forested country or not, the 
fluctuation due to climatic changes being enormously greater than 
that wliich can be attributed in any way to the result of forest destruc- 
tion. 

VARIATIONS IN PRECIPITATION. 

The changes in the amount of rainfall and snowfall at various local- 
ities are by no means comparable among themselves, one locality 
showing a slight increase in anyone year and another a decrease; but^ 



I KlimaacfawaDkuiifren seit 1.700 nebst BemerkiiDcen nlK-r die Elima«chwaDkiiBf((:n der Dilavialx«U, 
▼on Dr. Edoard BrAckner. Wien and OlmaU. Ed. liolxel. Id90. 
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taking the averages of large numbers of observations, there are found 
to be, as before shown, certain general departures on one side or the 
other, one year being marked by an unusual amount of precipitation 
and another by deficiency. These averages of rainfall measurements 
do not agree as closely as might be expected with the statements of 
farmers as to droughts or good years, for they do not take into account 
the distribution of the rain by seasons; that is to say, there may be an 
unusual drought at the critical season of tlie year accompanied by great 
crop losses, and yet, taking the year as a whole, the deficiency of rain- 
fall may not be especially notable. Therefore gieat reliance can not be 
placed upon the results of total annual rainfall measurements alone. 

The attempt to connect the discharge of any one stream with the 
measurements of rainfall in the basin is unsatisfactory, unless the catch- 
ment area is unusually small and records of the rainfall have been kept 
at a large number of places well distributed over this area. This is a 
matter almost impossible of achievement in the arid region, where the 
greater part of the available water supply comes from high mountain- 
ous areas almost if not quite uninhabitable. Until this apparently 
impossible condition is ftilfillexl, namely, the keeping of many rainfall 
records in each (hatchment area, it will be hopeless to attempt to con- 
nect the rainfall and river flow in any detailed manner. 

In a general way the average of the rainfall measurements over sev- 
eral states begins to show a coincidence with the fluctuations of the 
streams, although in detail the matter seems confused. This is shown 
in Fig. 47, as previously mentioned, and might be brought out in con- 
nection with change of level in many of the streams and lakes. The 
matter is one, however, concerning which the data at present available 
are still too limited for satisfiictory discussion. 

The periodic oscillations of rainfall throughout the year are capsir 
ble of more satisfactory treatment than the fluctuations year by year, 
from the fact that there is a general agreement in stations near each 
other, changes in the distribution of rainfall by mouths being found to 
take place slowly as progress is made across the continent. A diagram 
therefore, prepared from along re<*ord at any one station in one of the 
smaller states of the West, is found to be applicable in the main fpa- 
turei* to the greater part if not the whole area; that is to say, if May is 
the month of maximum rainfall at any one point it probably is for all 
localities in the state, while in the localities adjoining it is highly prob- 
able that the time of maximum rainfall will be either immediately before 
or after that of the given state. 

Fig. 50 has been i)repared to show the average distribution of pre- 
cipitation by months at a few stations in the western half of the United 
States. It brings out in sharp contrast the diflerenees in the character 
of the rainfall on opposite sides of the ari<i region. On the Pacific coast 
summer droughts are the rule, while on the eastern side of the arid 
region the greater part of the rainfall is during summer. Between 
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these two the gradual trausition friini one to the otiier is well marked 
in nearly every instance. This matter of the ehanu-teristic distribation 
of precipitation throughout the year has l>een systematically discussed 
by Gen. A. W. Greely in his report uiK>n irrigation and water storage 
in the arid regions,* and also in a pai>er presented befoi^e the National 
Geographic Society n\Mni rainfall tyi>es of the United States.- He 
points out that there are several distinct antl simple tyi>es of rainfall, 
each of which can be represented graphically by a curve with a single 
bend or inflection, the average monthly amount of precipitation increas- 
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Fig. 50. — Diagram of the distribution of the mean monthly precipitati<m at sixteen stations in 

westtru Fuited States.* 

ing steadily from a minimum to a maximum and then diminishing in 
unbroken progression. Each of these simple t\i)es of rainfall is shown 
to have some relation to the movement of winds from .some one great 
body of water — the Pacific Ocean, the (inlf of California, the Gulf of 
^lexico, etc. Bcsi<les these simple curves are comi)osite t^^'pes, shown 
graphically by two inflections, there being in each a primary and a 
secondary minimum and maximum. 

The diagram, Fig. 50, shows at least three of the simple types and 
several of the comi>osite forms. In the cases of the portions of the dia- 



'Fiftv-first Conpne*». m^codiI M-Mi(.n. Hoose of Beprc^entativeft. Ex. Ik»c. Xo. 287. Washington. 1891. 
Keport on the climatoIoirT of the arid repun:* of th*' Unite*! States with reference to irrigatioo. Bv 
Gen. A. W. Greely. Chi«-f Si^al < >rtir«r. U. S. Army. 

' The National Geofn^phic M.iiraiine. Vol. v. pp. i^On. ICainfall trites of the United States. Annnal 
Keport, hx Vice-Prt«ident tlreely. 
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gram illustratiug the distribution of precipitation at Fort Bidwell and 
San Francisco a general curve might be sketched connecting the tops 
of the small columns. This would represent fairly well the Pacific type 
of rainfall, which is characterized by heavy precipitation during the 
winter and prolonged droughts in summer. In a similar way a curve 
drawn through the part of the diagram for Santa Fe would represent 
the Mexican type, which is notable for the very heavy precipitation in 
August. The third simple type is perhai)8 best shown on this diagram 
by the conditions at North Platte, Nebraska. This has been named the 
Missouri type, from the fiict that it obtains throughout the watershed 
of the Missouri River and its principal tributaries. As shown by the 
diagram, the rainfiiU during the winter is very light, the gi*eatest 
amount of precipitation being in late spring and early summer. 

SUBSURFACE WATERS. 

The water obtained from rocks beneath the general surface of the 
country, although relatively small in amount when compared with that 
from streams, has great importance, from the fact that dependence must 
necessarily be placed upon this in many localities where running water 
can not be had. Not only is agriculture benefited indirectly by water 
from wells convenient for household use and stock purposes, but in 
many instances a supply sufficiently great for irrigation in a small way 
has been obtained. Water for irrigation is lifted from the wells gen- 
erally by means of windmills or by machinery driven by steam or horse- 
power. In some localities the structure of the rocks is such that water 
rises to the surface and overflows, artesian wells being obtained by 
drilling to depths ranging from a hundred to a thousand feet or more. 

The total number of artesian wells in the western part of the United 
States in 1890 was 8,097, as ascertained by. the census of that year. 
These were found in North and South Dakota, Nebraska, Kansas, and 
Texas, and the states and territories to the west of these to the Pacific 
coast. Of this number, 3,930 were employed to a greater or less extent 
in irrigation, watering 51,896 acres, or 1.43 per cent of the tottil area 
irrigated. The residue of the wells were undoubtedly of benefit to agri- 
culture to some extent; their principal value, however, being in the fact 
that they furnished supplies for municipal and domestic purx>oses, and 
also for cattle when the wells are in the vicinity of grazing lands. 

No statistics have been obtained concerning the ordinary wells from 
which water is pumped or drawn by various means, but there is found 
in nearly every locality water saturating porous rocks near the surface 
in all places except on desert areas. On the Great Plains, for example, 
in western Nebraska and Kansas, it is sometimes necessary to go to 
depths of from 100 to 300 feet or more before water-bearing strata are 
reached, but throughout the arid region as a rule wells are successfully 
dug to a less depth. The widespread occurrence of water in pervious 
layers of the earth's crust, and sometimes in such quantities as to ap- 
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pear almost inexhaustible, has given rise to the U4itiou that it flows in 
great channels very much as do the rivers of the surface, but covered 
from sight by rocks and soils. There are a few instances where un<ler- 
ground watercourses actually occur, but these are extremely rare and 
are extraordinary in their nature, being found only in the great lime- 
stone dei)osits or among the lava flows of recently extinct volcanic 
regions. 

In a majority of cases subsurface water occurs merely as moisture 
saturating the rocks. If these are unconsolidated and i>oi-ous the 
quantity of water contained in the interstices is in the aggregate very 
large, while in the case of the hard compact granites or slate the pro- 
portion is extremely small. That all rocks which form the crust of the 
eaith contain a certain amount of water can usually be shown by dry- 
ing any of them and noting the loss in weight. The sands and gravels 
washed down from adjacent heights and filling depressions are partic- 
ularly well adapteil to hold moisture, and it is from these, as is well 
known, that the gi^eatest quantities of water are obtaine<l. 

The behavior of the waters in these sands is still a matter of inquirj', 
and is not clearly understoixl. For instance, one leading question is: 
Are these stationary, or do they flow freely from place to place ? It is 
probable that to a certain degree both of these conditions are found 
in nature. In a small valley entirely inclosed the water ac<rumulates 
in the sands until they are saturated an<i the moisture approaching 
the surface of the soil begins to be evaiwrated. The matter then ad- 
justs itself until a balance is reached betwc*en the amount which flows 
in and that which is evai>orated, the level of water rising until the loss 
is equal to the inflow. If a well be made in this sand basin and the 
water drawn upon, the level of moisture in the immediate vi«-inity of 
the well is immediately lowered. The influence extends only with great 
slowness towanls the edge of the basin, however, the water level not 
as a whole fallingat onee, as would be the case in drawing from a large 
open body, the place of the water removed from the center being slowly 
occupied by a g:radual jirogression of moisture from the sides. 

Instead of a small basin, if one of indefinite size be ctmsidered, there 
is seen a condition of things similar to that which takes place in a 
broad extent of country. The moisture at the lower limit of a large 
plain escaping either in springs or by evaporation is gradually replaced 
by the slowly progressing water, which percolates with a rate varying 
with the fineness of the rock or sand layer. The amount of water 
which can be taken from underground sources is limited not so much 
by the total quantity in the area, as by the rate at which it can flow 
through these sands or gravels, and after the first wells have drawn 
upon the supply already stored in the immediate vicinity the amount 
which can be taken afterwards is governed by the spenl with which 
the moisture can progress to the place from ever-widening limits. In 
lost river basins and on low lands in the vicinity of irrigated areas the 
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amoont and behavior of this subsurface water becomes a factor of great 
local importance. 

Popular interest, especially in the subhumid regions, has been 
aroused concerning subsurface or ground waters, and statements as to 
their distribution, quantity, and availability, especially for irrigation, 
have been eagerly received. The somewhat misleading and indefinite 
term "underflow" has been applied to these waters, and many persons 
awakening for the first time to a realization of their presence have re- 
ceived exaggerated impressions or have magnified the importance of 
phenomena previously known to engineers and geologists. Extrava- 
gant reports have been made as to the results of rude experiments, 
and many persons have been induced to believe that it was practicable 
to irrigate large portions of the subhumid region by means of the 
ground waters conducted to the surface of the gently sloping plains 
through long tunnels or open channels. Acting on this belief, thou- 
sands or even hundreds of thousands of dollars were expended, mainly 
in the years 1890 and 1891, in the construction of such projects, princi- 
pally along or in the valleys of the Platte and Arkansas rivers. So 
fjBur as can be ascertained by examination and measurement none of 
these projects can be said to be successful, although in a number of 
cases small quantities of water are obtained from the long, deep chan- 
nels which penetrate the pervious beds of sand and gravel. 

In each of the instances of these so-called underflow canals the level 
of the ground water, or what is known to engineers as the water table, 
is lowered in the immediate vicinity of the cut or excavation, and the 
upper part of the pervious beds being drained, a new slope of the water 
table is found, this being adjusted to the altered conditions. The 
progress of the water dovm this new slope is, so far as can be ascer- 
tained, practically constant, except as modified by local rains and 
changes of temperature. The quantity of water actually obtained, 
although large in one sense, as, for example, when compared with that 
from an ordinary well or the amount utilized for domestic supply, is 
almost insignificant with reference to the irrigation of any considerable 
body of land. The projectors of these irrigating schemes often failed 
to appreciate not only the fact that ground waters must in their very 
nature move slowly, but also that even in comparatively humid coun- 
tries large volumes of water are necessary to conduct irrigation on an 
extended scale. 

COST AND VALUE OP WATER SUPPLY. 

The average first cost of water for irrigation throughout western 
United States has been ascertained to be at the rate of $8-15 per acre, 
while its value, wherever the rights can be transferred without the 
land, is $26. Applying these figures to the total acreage as ascertained 
by the last census, the total first cost of irrigating the lands from which 
crops were obtained in 1889 was $29,611,0(H), and the total value of the 
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water rights was $94,rtl2,000, the increase of vahie being *G4,8<)1,<KXK or 
218'81 per cent of the investment. This latter sum may be taken as 
representing the value of the supply utilized. The average annual ex- 
pense of maintaining the water supply was *l-07 i>er acre, or an aggre- 
gate of $3,794,000, this being the amount expended in keeping the 
canals and ditches in repair and free from sediment. 

The estimated first cost of the irrigated lands from which crops were 
obtained in 1889 was i?77,490,000, and their present value, including 
improvements, $290,850,000, showing an increased value of $219,3(;0,(MI0, 
or 283-08 per cent of the investment in the land, not taking into consid- 
eration the water. The average value of the crops raised was *14.89 
per acre, or a total of $53,057,000. Thase figiues have been introduced 
to exhibit the cost and value of irrigation in the arid regions. Tlie 
value of the unutilizeil water supply can scarcely be estimated until 
more accurate information is obtained concerning the total amount of 
water and the acreage that it can be made to cover. By making cer- 
tain assumptions, however, a rough estinmte can be arrived at. 

Taking the average tirst cost of water at ;?8-15 per acre and its present 
value at $26 i)er acre, the difference, *17-85, may be assiimcMl as the 
value of the water as it flows in the stream. If 1 cubic foot i>er second 
will water 100 acres, then the value of 1 see<md-foot is *1,785. Taking 
the figures given on page 10, as to the total quantity of water i)robably 
available, viz, 360,000 second-feet, the total value of this water is 
$042,600,000. Tliese figures obviously have no claim to accuracy, but 
merely indicate that, calculated on the most conservative basis, the 
water supply of the arid country nnist be ranked among the most im- 
portant of its undeveloi>ed mineral resources. 

PRINC'IPAL DKAINAGE BASINS. 

In order to enter ui>on a detaile<l discussion of the water supply of 
the arid region it is necessary to consider the different j^ortions in turn, 
and for this purpose the best method of grouping the facts is by nat- 
ural divisions, viz, by drainage basins. The iK>litical divisions into 
states and counties unfortunately do not coincide with lines of drain- 
age, except in a few instances, so that the discussion of water supply 
according to these arbitrary lines is less satisfactory than by the way 
first mentioned. The small map (Fig. T)!) shows the relative lo<'ation 
and area of the larger drainage basins of the west and their iH)sition 
with reference to the states and territories, the size of these in square 
miles being shown in the accompanying table, page SS. According to 
this table the total area of the part of the Uniteil States west of the 
100th meridian is 1,380,175 square miles, not including thirty-six c<mn- 
ties in the western portion of Oregon and Washington, the aggregate 
area of these, including water surface, being 61,s40 sc^uare miles. Add- 
ing this amount, the total area of the land and water surface west of 
the 100th meridian is 1,442,015 scjuare miles. The thirty-six western 
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counties of Oregon and Washington above meiitiou(.-d have beeu de- 
dacted because of the fact that in a study of water supply and irriga- 
tion it has been found convenient to omit tcom consideration those 
comparatively well-watered areas. The 1,380,176 square miles above 
mentioned include the area of several large lakes, the principal of these 



Fin. 51.— Indei map of luge dnlunge bulns. 

being in Utah, California, and Montana. The aggregate area of the w 
water surfaces is 8,21Q square miles, which being deducted gives the 
total area of laud surface used on page 3.'}.' 

The order usually adopted is that by wliich the bead waters are first 
considered and then the tributaries in succession. The large drainage 
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basins in this and preceding reports are taken in tliis general order 
wherever applicable, and from the east toward the west, as shown 
in the table. In this report the drainage basin of the Missouri, Yel- 
lowstone and Platte will be described. 



MISSOURI RIVER BASIN. 
LOCATION AND AREA. 

The Missouri basin, as the term is used in reports concerning the 
arid region, usually includes the arela tributary to the river of that 
name above the junction of the Yellowstone. Asa matter of fact, the 
drainage basins of the Yellowstone, Little Missouri, Cheyenne^ Platte, 
and other rivers form parts of the great biisin of the Missouri river, 
but since each of these streams flows nearly to or beyond the limits of the 
arid region before uniting their waters in this great drainage system, it 
is more convenient to consider them as independent basins and at the 
same time to apply the name " Missouri" to the head water catchment 
area of that stream. 

The total area of this basin is 95,(>93 square miles, of which 13,315 
square miles, or 14 percent, is within the Dominion of Canada, leaving 
81,778 square miles, all in the state of Montiiua, with the exception of 
a few square miles in the Yellowstone National park. In this discus- 
sion of the water supply and the condition of iiTigation reference is 
made only to the portion of the basin in Montana, few facts being avail- 
able concerning the part in Canada. The boundaries of Montana have 
been laid out in such a manner that they include not only the greater 
part of the Missouri basin, but also in the southeast a portion of the 
Yellowstone basin, and on the west a large part of Clarke fork of the 
Columbia. The state line west of the Yellowstone National park fol- 
lows for a portion of its course the rim of the basin, but with this single 
exception it has been located with reference to arbitrary lines rather 
than with regard to natural divisions. 

The drainage basin of the Missouri, as shown by PI. cviii, is bounded 
on the west and southwest by the main range of the Rocky mountains, 
which forms the continental divide, separating the waters of the Mis- 
souri from those of the Columbia. On the southwest, where this divide 
forms the state line between Montana and Idaho, it separates the basin 
from the head waters of Snake river, or, as it was formerly known, Lewis 
fork of the Columbia. Farther to the north, beyond the point where 
the Bitterroot mountains separate from the Rockies, these latter form the 
watershed between the Missouri and Clarke fork of the Columbia. Thus 
Mie Missouri basin \s bounded on the south by the Yellowstone, a part 
of which is in Montana, on the southwest by the Snake basin in the 
state of Idaho, and on the west by Clarke fork in Montana. 
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ELEVATION AND TOPO(iRAPHY. 

Tbe basin as a whole sloi>es toward the north and east, the highest 
gpround, as shown by 1*1. c^^II, being in the southwestern corner and 
along the western edge. The waters flow, therefore, in a general northerly 
and easterly course, leaving the basin not far from the northeastern 
comer. The rim of the basin is sharply defined in the higher portion, 
bat in the eastern half, where the divides are low and rolling, the 
watershed is formed by prairie country, an«l therefore must be arbitra- 
rily designated. 

By means of the contours given on PI. cviii an estimate has l)een pre- 
pared of the area of the basin at various elevations. From an insi>ec- 
tion of this table, given below, it is apparent that over one-half of the 
basin is at an elevation below 4,(KK) feet. In fact, the altitude is far 
less than it is popularly sup^xised to be. 

Sqaaiv luilcs. 
Total area in Montaua ?*1. 77S 

Area under 2,UiO feet 618 

Area from 2,00iMo 3,C«)i» feet 26,068 

Area from 3,0(X) to 4 JITM) feet 22,317 

Aieafrom 4,UiX» to 5,0(NJ feet 13.314 

Area from 5,00i.» to LOOT) feet * 13.218 

Area over 7,000 feet 6,243 

LAND CLASSIFICATION. 

The small map on PI. cviu shows not only the general elevation of va- 
rious parts of the basin, but, by means of the color, the general char- 
acter of the lands within this area. Three general divisions have been 
made based ui>on the size or kind of the vegetation as determined by 
climate and altitude. The darkest shade indicates in a broad way the 
relative location of the forests or timber land, while the lighter green 
shows the area covered to a gi^eater or less extent h\ scattered trees, 
suitable for firewood, occasionally furnishing material for i)urposes of 
fencing. The i*emainder of the basin, colored a light brown, supports 
a scanty vegetation, and, for the most part, may be consi«lered as pas- 
ture land, including under this designation vast tracts whose soil is 
arable, and which, with an abundant water supply, would produce large 
crops. 

Dividing the total area of the Missouri basin in Montana, viz, si, 728 
square miles, into these thi-Wf classes, it has been found that there are 
in arable or pasture land, appn>ximately, W,398 square miles, in land 
more or less covered with scattering firewoofl 10,r»40 square miles, leav- 
ing for the timbered land 6,740 square miles. These designations are 
largely arbitrary, for there is, unquestionably, giKKl pasturage within 
the areas designated as being covered with timl>er or firewood, and, on 
the other hand, there are trees and shrubs of value to the farmer scat- 
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tered along all of the principal streams in the eastern end of the Stiite. 
There is little, if any, .agricultural land within the areas covered in 
whole or part by trees, most of this being rough broken land or high 
mountains. 

The arable and pasture lands shown on the maj) include the locali- 
ties where agriculture is carried on, or where the soil is such that it 
could be developed. Unfortunately, however, as shown by the char- 
acter of the vegetation, the rainfall is deficient and farming can not be 
successful without the artificial application of water. It has been found 
that in the census year ending May 31, 1890, crops were raised by irri- 
gation upon 234,036 acres, or 365'7 square miles. This is only 0*57 per 
cent of the total area designat^ed above as arable or pasture lands. 
The localities at which irrigation wa^ carried on in the census year 
are shown by the dark spots on the map, PI. rviii. 

Besides the irrigated x>ortions of the arable or pasture lands, there 
are along the rivers many thousands of acres which by a careful utiliza- 
tion of the water supply can be brought under cultivation. The extent 
to which agriculture can be developed is, however, dependent wholly 
upon the thoroughness of the conservation of the flood waters and upon 
the degree to which the large rivers are utilized. The area irrigable, 
while governed somewhat by the topography, is controlled by the 
manner in which the water supply is employed. It is not ])ossible, there- 
fore, to make any rigid distinction between the irrigable lands and the 
ai^ble or pasture lands, but on the small map the attempt is made to 
show by a darker shade the relative area and location of the lands 
which, under the best circumstances, can i)ossibly be reclaimed by irri- 
gation. Tlie area thus colored aggregates in round numbers 1,000,000 
acres, or 1,562 square miles. 

EXTENT OF IRRIGATION. 

The acreage irrigated in the Missouri basin, as above stated, aggre- 
gated 234,036 acres. This includes chiefly the area from which crops 
wore obtained during the census year. The areas c^olored dark green 
on the small map are found mainly in the western and southern part 
of the basin near the points where the smaller tributaries issue from 
the mountains and flow out into the first open valleys. Agriculture 
by means of irrigation has already developed to such an extent that 
all of the streams which can be readily diverted, by one or two farmers 
or a number of neighbors jwting in partnership, have been utilized 
nearly to their full extent duiing the summer season, and there remains 
little water unappropriated except that which flows during the spring 
floo<ls. 

While on the one hand the demand for water has already exceeded 
the supply along the upper valleys of the Missouri, further down, on 
the main river, there is a large amount flowing at all times oi' the year. 
Unfortunately, however, it is extremely difficult, if not impossible, to 
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bring this water out ai)oii the vast extent of arable land, owing to the 
steepness of the banks and the comparatively slight fall of the stream. 
There is thus a striking contrast between the condition of affairs in the 
eastern and western en«ls of the basin. In the latter loi*ality are small 
streams with steep slojies flowing through comparatively narrow val- 
leys, the water being widely distributed in the innumerable creeks, 
while in eastern Montana the water supply is all concentrated in the 
main rivers and the arable lands lie in great bhx'ks embracing thou- 
sands of s([uare miles. 

The population is locateil mainly in the southwestern ])ortion of the 
basin in the valleys among the mountains. This is due to the fact that 
the principal industry' is mining, carried on in the canyons 4U* gulches 
and among the crystalline rocks which contain the precious metals. If, 
however, the only industry were agriculture, this i>orti<»n of the basin 
would still be the most prosperous and thickly settleil. from the fact 
that the small streams in the mtuintains are widely distributed and the 
waters can be readily brought under control by the efforts of individu- 
als or of companies. There is one peculiarity of the topography of this 
part of the basin which should be mentioned, namely, the bench lands 
which are found in each valley between the foothills and the narrow 
bottoms along the streams. These bench lands, although sometimes 
having gravel upon the surface, are usually very fertile, and as a rule 
surpass in excellence the lower lands along the bottoms of the valleys. 
They are usually cut by deep, narrow ravines, or coulees, as they are 
locally known, formed by the action of tributaries entering the main 
stream. 

These bench lands are remnants of the beds deposited in former 
times from lake waters before the rivers had cut their present outlets. 
The streams leaving each valley pass tlmmgh nan*ow canyons eroiled 
by the flowing waters. Before these canyons were rut, the waters 
being held back, the material washed from the mountain was dei)Os- 
ited, partially filling the deep basins. Gradually, however, the escajv 
ing water wore down the cmtlets until the bottoms of these lakes were 
laid bare, and continuing its downward course each stream cut trenches 
in the lake bottoms, in whi<*h the streams now flow. Thus each imi)or- 
tant stream in the western end of the basin flows at some distance 
below the general level of the bench lands, an<l its waters can be 
diverted with ease only ujwn the narrow flood plain. Tlie principal 
problem presented to the irrigation engineer in this part of Montana 
is that of taking the water fmm the larger streams out uinm these rich 
lands. The matter is complicated by the fact that they are deeply cut 
by the coulees traversing them at short distances, and also by the 
condition of development of iirigation, viz, the fact that many of the 
improvements made at present stand in the way of more comprehen* 
sive schemes. 
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WATER MEASUREMENTS. 

The localities at which stream measarenients have been made by 
this survey and the results obtained have been described . in previous 
annual reports of the irrigation survey.^ Some additional data have 
been obtained since the preparation of the last report and are presented 
herewith, together with a brief resume of the materials available tor 
study of the fluctuations of water supply. 

The three rivers, the Gallatin, Madison, and Jefferson, which unite 
to form the Missouri, have been measured at diflferent times by the 
Geological Survey and by the Missouri Eiver Commission. Continuous 
records of discharge have been computed for the Gallatin above Gal- 
latin valley, and for the Madison near Eed Bluff, while in the Jefferson 
basin Bedrock creek alone has been observed for a series of months. 
A few measurements have been made on the Jefferson near Willow 
creek, that on August 19, 1889, giving a discharge of 202 second-feet, 
and on October 15, 1889, near Three Forks, 333 second-feet. Single 
measurements have also been made of some of the streams tributary 
to the Jefferson, viz. Ruby creek, Blacktail Deer creek, also Beaver- 
head and Bighole rivers, as noted in the following pages. 

Several measurements have been made of the Madison near its 
mouth, that on August 17, 1889, at Blacks giving a discharge of 1,104 
second-feet, and that of October 14, 1889, at Three Forks 1,191 second- 
feet. Considerable dififtculty has been found in obtaining the dis- 
charges of the three rivers near their junction, on account of the fact 
that they divide into a number of channels and the height of the water 
in one stream affects the others for a considerable distance above. 

Below the point at which the Gallatin, Madison, and Jefferson rivers 
unite a number of measurements have been made, showing that the 
discharge, as obtained by gaugings, has varied from about 2,500 second- 
feet up to over 8,500 second-feet. The seasonal fluctuations undoubt- 
edly cause a variation both below and above these figures. 

Besides the gauging stations of the Geological Survey at Toston, 
Canyon Ferry and Craig, described in former reports, records of the 
height of the water have been kept by the Missouri Eiver Commission 
at a number of places, as shown by the following list, which includes 
all known data. 

At Gallaher's Ferry, about 200 yards above the mouth of the Gal- 
latin river, the height of the river has been recorded from August to 
November, 1890. 

At Gallatin, Montana, records of river height have been kept from 
July to December, 1890. A measurement made at this point on August 
6, 1890, gave a discharge of 2,640 second-feet. (In the Twelth Ann. 
. Kept., pt. 2, p. 237, this is erroneously given as 2,400 second- feet.) 



> United States Cteological Surve}*, Eleventh Ann. Rept., pt. 2, 1889-'90, Washinf^ton, 1891. pp. 38-43, 
93-94, 107: also Twelfth Ann. Kept., pt. 2, 189a-'91, pp. 236-238, 346-347. 
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At Toston, about 30 miles below Three Forks, the Greological Survey 
made six measurements from April 8 to July 26, 1890, the results being 
showD on page 42 of the second annual report on irrigation. The Mis- 
souri River Commission kept records of height from August 16, 1890, 
to February 28, 1891. The elevation of low water of 1890 at this place 
was about 3,879 feet. 

At Townsend, 43 miles more or less below Three Forks, a permanent 
gauge was established October 1, 1891. by the Missouri River Com- 
mission. 

At Canyon Ferry, about 18 miles from Helena, gaugings were made 
by the Geological Survey, giving the discharge for September, October, 
and November, 1889. A measurement made on September 18, 1890, 
by the Missouri River Commission near Canyon Ferry gave a discharge 
of 2,682 second-feet. The elevation of low water was in 1890 approxi- 
mately 3,629 feet. 

At French Bar, 71 miles below Three Forks, the discharge, as 
measured by T. P. Roberts on July 31, 1872, was 10,000 second-feet. 

At Stubbs Ferry, which is given as being 73 miles from Three Forks 
a gauging was made in 1882 by the ^lissouri River Commission, show- 
ing a discharge of 3.770 second-feet. The records of river height have 
been kept from July, 1890, to January 17, 1891. 

At Craig, a locality above the mouth of the Dearborn river, a gaug- 
ing station was established by the Geological Survey and continued in 
operation through 1891. The elevation of low water of 1890, as deter- 
mine<l by levelings made by the Missouri River Commission, was about 
3,629 feet. 

At Great Falls'! Montana, records of river height were kept from 
September to December, 1890, by the Missouri River Commission, and 
possibly have been continued by the water-jwwer company at that 
place. 

At Fort Benton gaugings have been k3pt with more or less regular- 
ity from 1873 to 1876 and from 1881 to 189(K In August of this latter 
year a permanent station was established, taking as zero the low 
water of 1889. The daily gauge height from 1873 to 1876 has been 
published in lithographed form by Prof. Thomas Russell, of the Weather 
Bureau.* 

PRECIPITATIOX. 

Measurements of the amount of precipitation have been made at a 
number of i>oints within this basin by the Signal Service of the U. S. 
Army, some of the records being continued for over fifteen years. 
The results of these measurements show that the rainfall, as measured 
at the various stations, varies from 10 to 20 inches, the average l>eing 
about 15 inches, the greater part occurring in the months of ^lay and 
June. The following list gives the names and l(H*ation of the more 



> SUgM of tbe MiMiftsippi aDd of iti* principal tributaries. 18G0 to 1&^9. pt. 2. pp. 217-220. 
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important of these stations, with the lengtli of time during which ob- 
servations were made, and the mean annual rainfall as derived from 
records furnished by the Signal Service. 



Ix)calitT. 



Length Depth or 
of re^rati. j rainfall. 



Fnrt Ellis, near Boscman 

Virginia, Madison county 

Helena, Lewis and Clarke coanty 

Fort Loean, head waters of Smith rivor 

Piegan, nead waters of Marias river 

Fort Shaw, on Sun river 

Fort Benton, month of Teton river — 

Fort Aashiiboine, on Milk river 

Fort Maginnis, near Judith mountains 

Gal pin, near month of Milk river 

Poplar river 

Fort Bnford, month of Yellowstone 



Tears. 

15 
9 

11 
8 
2 

17 

16 
9 
7 
1 
7 

23 



Inches. 
19-6 
160 
14-3 
14-4 
21-2 
10-2 
13-3 
150 
16-6 
6-7 
10-5 
12-3 



These localities are mainly in the valleys or on the plains, and there- 
fore the results of the measurements do not represent the rainfall and 
snowfall upon the high mountains, which undoubtedly is considerably 
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FOBT ILUS. 

Near Boieman. Mont. 
Elevation, 4,878 feet. 



FOBT BHAW. 

On Sun river, Mont. 
Elevation, 3,560 feet 



greater. It is safe to assume that 
the precipitation upon the summits 
is at least from 20 to 30 inches, and 
upon the valley lands of the west- 
ern part of the Missouri basin at 
from 15 to 20 inches. In the east- 
em end of the basin^ however, as 
(3 shown by the measurements at 
I Poplar river and Fort Buford, the 
^ rainfall rarely amounts to over 15 
inches, ranging usually from 10 to 
12 inches in depth* 
$ The amount of rain falling in any 
I one year may vary widely from the 
I averages given in this statement, 
S which nevertheless serve to indi- 
cate in a general way the distribu- 
tion of precipitation over the basin. 
The variation from year to year is 
exceedingly irregular, but compar- 
ing one year with another, it ap- 
pears from the records that tliei*e 
was a general decrease dui*iiig the 
latter part of the decade, the depth 
of rainfall in 1889 and 1890 being at most stations below the average. 

The distribution of the precipitation by months is shown graphically 
on Fig. 52, the results at four stations having the longest record being 
selected. These averages, although obtained from widely separated 



FORT BEMTON. 

On Miaaonri river. 
Elevation, 2,730 feet 




FORT BUFORD. 

At junction of Mis* 
aonri and Yellow- 
stone rivers. 
Elevation, 1,980 feet 



Fio. 52.— Diagram of mean monthly rainfkll at fonr 
stations in the Missouri basin. 
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localities, have a similar appearance in that the greatest precipitation 
is in the month of May, followed by a slight decrease in June. During 
the remaining months of the year, however, there is a decided range in 
the projKirtion of rain falling, in the case of Fort Benton, for example, 
there being a gradual decrease to the end of the year, while at other 
stations there is great irregularity. 

The distribution of vain throughout the year is shown by the follow- 
ing table, which gives the average ])recii>itation i>er month as obtained 
from the stations named on page 40, and also gives the i>ercentage of the 
amount for the year : 



Inrhen. 



Per 
cent. 



Janoarr O-el 6- 1 

Febniarv u-65 4'9 

March.'. 0»i2 frl 

April I'{f2 l-l 

May 2-51 18-8 

Jane 210 15-7 

July 1-29 »-7 

Aafmst lu3 7-7 

September 103 77 

October 085 6-4 

Xcvember 058 4*3 

December 0-6« 49 



Total 13-35 100« 



This peculiar distribution of the rainfall is in itself favorable to agri- 
culture, for, taking the months of May, June, and July as the principal 
l>art of the growing season. It appears that in an ordinary year over 
one-third of the rain falls during these months, and thus, although the 
rainfall is as a whole deficient, yet what there is comes at the time when 
it will do the most good. 

With this brief summary of the principal facts concerning the basin 
as a whole, a more detailed description of the water supply in each sub- 
basin is given in the following pages, taking these in order from the 
head waters down, beginning with the Gallatin, Madison, and Jefferson, 
and preserving in general the geographic order. 

GALLATIN RIVER. 

The Gallatin river rises in the high mountains in the northwestern 
comer of the Yellowstone National park and in the ranges north of this. 
The river flows in a general northerly course through a succession of 
narrow valleys and canyons for a distance of about 50 miles from its 
head waters, finally entering the Gallatin valley, one of the finest agri- 
cultural areas in Montana, or even in any of the western states. At 
the lower end of this valley the stream receives the waters of the East 
Gallatin, which drains the short range of the same name. The small 
tributaries coming from these mountains unite near the base and flow 
in a general northwesterly direction along the eastern side of the Gal- 
latin valley. At a distance of about 10 miles below the mouth of the 
Bast Gallatin the main stream enters the Missouri. 



42 WATER SUPPLY FOR IRRIGATION. 

The water supply of the Gallatin valley is peculiarly favorable to 
irrigatiou, and this, with the rich soil and temperate (*.limate, has ren- 
dered possible a high state of agricultural development. On the east- 
ern side of the valley is Bozeman, and a number of smaller towns are 
scattered about. The small streams coming in from the east and south 
have enabled irrigators to bring under cultivation large areas of crops 
at moderate expenditure of labor, and as these convenient sources of 
supply have been utilized in turn and population increased, they have 
rendered possible the construction of large systems of irrigation deriv- 
ing water from the principal river, the West Gallatin. Thus by the 
distribution of small streams irrigation has grown rapidly and without 
interfering greatly with the thorough utilization of the magnificent 
water supply. 

As has been previously stated, the amount of water entering the Gal- 
latin valley by means of the main stream has been measured at a sta- 
tion below tlie mouth of Spanish creek near where the river leaves the 
canyon. The total area drained is 850 square miles, most of this being 
high, steep, mountain areas heavily covered with timber. The ruu-oflf, 
Ijherefore, is unusually large, being from 13 to 14 inches in depth over 
the whole basin; that is to say, if the water flowing from this drainage 
area during one year were put back upon a plain of the same size it 
would cover it to the depth of 13 or 14 inches. The average rainfall is 
not known, but probably can not be much less than 30 inches. If thfc 
be the case the run-off represents nearly one-half of the precipitation 
upon the catchment area. 

The discharge of the stream has varied from 320 to 6,800 second-feet? 
the average for three years being over 950 second- feet. This is equiva- 
lent to an average discharge of 142 second-foot for each square mile 
drained, the amount varying at different times of the year from about 
four-tenths of a second-foot up to 8 second-feet per square mile. This 
rate of run-off is probably greater than that from the East Gallatin 
range, from the fact that the topography in the latter case is less 
favorable to rapid discharge of the precipitation. 

In Fig. 53 is given the daily discharge of the West Gallatin river at 
the gauging station previously mentioned from May, 1891, to the middle 
of July, 1892, with the exception of the month of April, 1892. As will 
be seen by the inspection of the diagram, the flood discharge of 1892 
was far greater than that of 1891, this latter being represented by the 
lighter line. The diagram is not sufficiently high to show the maximum 
*point, 6,800 second-feet, reached in June, 1892. Comparison should be 
made with the diagram on PI. LX, in the Twelfth Annual Report, giving 
the discharge at ttiis station from 1889 to 1891.^ On this plate the dis- 
charge for 1891 represented by a dotted line, is seen to be somewhat 
less tban the discharge for 1890, this latter, however, being decidedly 

i U. S. Geol. Survey, Twelfth Ann. Rept., pt. 2, Irrigation, p. 228. 
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lower than the qiiantity shown on Fig. .53, This (liflei-eiite is l>est ex- 
hibited by the table of nieau monthly and annual difu-haige shown on 
page 98, where the mean annual discharges for 181(0, liSftl, and 11*92 
are respectively ?*71, .SSO, and 1,1:;3 second-feet. Tlie rapid tluctnations 
shown on the diagram as taking place during time of high frater are 
jindoubtedly due largely to changes uf teaipc'iature. 

Taking the mean annual discharge of the West tiallatin'a:> i*.^ sec- 
ond-feet, this, with a water dnty of 100 acres to the second-foot, should 
irrigate 05,000 acres. It would be necessary, however, to store a large 
part of this water in order to make it available. By complete systems 
of storage and careftil use of the water this duty could be somewhat 




FtG. M.—OUznm of daily diKhar»orWes(GiilL 



increa.scd, rendering it possible to cover at least 100.000 acres, an amount 
which wonld probably embrace the greater piirt of the irrigable land 
along the stream. 

The Gallatin vallej-, as well i>s the great part of the catchment area 
of the river, is included within (iailatin county, Montana, the lines of 
this county extending in a westerly direction to the Jeflfer.-ion river and 
thus iuclading the valleys at the mouth of Madison river and Willow 
creek. The statistics of the Eleventh census show that in this c<muty 
there were 434 irrigated farms, ujiou which 4<i.!*0l acres of crops were 
raised, the average si/.e of the irrigattfl holding being thus lOS acres. 
These tarms were mainly along the eastern edge of the Gallatin valley 
in the vicinity of liozenian and northwesterly from this locality along 
the foothills. 

The altitude of tialhititi valley may Ik- taken in round numbers as 
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from 4,000 to 5,000 fe«t above sea level. At Bozemaii, on its eastern 
side, the railroad track is at an elevation of 4,754 feet, while at Gal- 
latin, at the lower end of the valley near the Missouri river, the ele- 
vation of the track is 4,032 feet. The fall is thus sufficiently great at 
all points to render possible the diversion of water from the streams 
upon nearly all of the bench lands, so that there are few limitations oj 
this kind to the development of irrigation systems. 

The water from the small streams which make up the East Gallatin 
has been appropriated and utilized by farmers, the only exception 
being in the case of waters during the i^pring floods. Toward the end 
of summer the streams become very small and there is not a sufficient 
supply to fill the demands made upon them. During the drought of 
1889 and 1800 there was not sufficient water to irrigate all of the land 
under cultivation, and the necessity of storing some of the surplus 
water of spring became more than ever apparent. One or two enter- 
prises of this character have been begun, but as yet have not come 
into active operation. There have been many complaints of injustice 
on the part of various individuals claiming water from the small 
streams, some of the older settlers asserting that they have been 
deprived of what was rightfully theirs, and, on the other hand, many 
of the later comers aissert that the waters have not been fairly divided. 

The principal irrigating streams, taken in order from the West Gal- 
latin easterly around the valley, are given below, together with the 
average amount of water flowing during the irrigating season as esti- 
mated by a resident of Bozeman : 

Second-feet. Seroml-feet. 
Wilsou creek 16 , Briefer creek 30 



Bear creek 20 

Cottonwood creek 30 

Middle creek 50 

Bozeman creek 24 

Reservutiou creek 24 



Little Cottonwood creek 12 

Spring creek 20 

Keese creek 20 

Dry creek 16 



Bozeman, Beservation, and Bridger creeks unite to form the P^ast 
Gallatin river. The streams below this, namely. Little Cottonwood, 
Spring, Eeese, and Dry, seldom reach the river except during the 
spring floods. The water supply from the streams named above, to- 
gether with that taken from the West Gallatin river, aggregates 522 
second-feet, assuming that the amount contributed by the canals from 
this latter river is as follows: West Gallatin and Bozeman canal, 100 
second-feet; Excelsior canal, 100 second-feet, and Middle Creek ditch, 
60 second-feet, 

Near the edges of the valley, among the foothills, a few crops can 
occasionally be raised with<mt irrigation. For example, winter wheat 
in years of abundant snowfall yields largely. Also on the low grounds 
along the river, where the fall is slight, are areas where irrigation is 
not essential, but these are comparatively small, and it may be said 
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that the value of the lands of the valley rests immediately upon the 
amount of water supply and the thoroughness with which this is 
utilized. 

While there has been a considerable development of agriculture by 
means of the waters of the smaller streams, the greatest increase of 
area tilled since the census year comes through the construction and 
extension of a few large canals taking water firom the West Gallatin 
river. These head in or near the mouth of the canyon and take the 
water out upon both sides of the river, covering on the west side at 
least a large XK>rtion of the bench lands. There are two canals on the 
east side, the Bozeman and West Gallatin canal and the Excelsior, 
these running toward the northeast in the direction of Bozeman and 
approximately parallel to each other. The latter was built by an asso- . 
ciation of farmers in the attempt to seizure water at less rates than those 
oflered by the first-named company. 

The canal of the West Gallatin Irrigation Company heads on the west 
side of the river a little over 3 miles above Salesville, and after follow- 
ing the stream for several miles turns off to the west, passing through 
a ridge or spur by means of a tunnel and then out upon the bench 
lands lying between the Gallatin and Madison rivers. The surface is 
great! / eroded by small streams which flow in spring from the moun- 
tains, and many of these gulches are crossed by flumes. The total 
length of this canal as completed during 1891 was 23 miles, and the 
average lx)ttom width 14 feet. It can be made to cover approximately 
60,000 acres, the greater part if not all of which is arable. 

Besides the three large canals mentioned al>ove there are many 
ditches taking water from Iwth sides of the stream and carrying it out 
upon the land in the lower end of the valley and over toward Three 
Forks. Some of the best farms, if not the finest in the whole state, are 
in this >icinity, and, as shown by the irrigators, the crops which have 
been produced can not be excelled by any in Montana for quantity as 
well as quality. 

Settlement began in the Gallatin valley, according to statement of a 
correspondent, in 1863, crops of grain and vegetables being raised in 
the following year. Since that time there has been a steady increase 
year by year in the acreage under cultivation by irrigation, so that 
now a great part of the valley is covered by a network of ditches. Irri- 
gation is regarded by all as indisi>ensable, although as previously 
stated, there are a few farms lying near the mountains where it is 
apparent that the late spring and early summer rains fall more copi- 
ously and later in the season than they do uix>u the lower lands, and 
it is here that the winter wheat can be relied upon with a reascmable 
degree of confidence to produce a remunerative crop. By irrigation, 
however, the jield could l)e greatly increased, and it is only because 
this is impracticable that the so-called dry farming is attempted. 

On the lower, moist grounds along the rivers or near the swamps in 
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the valley large crops have been raised from the time of the settlement 
of the valley without the soil apparently losing its fertility, but, uhfor- 
tunately, the alkaline salts tend to develop in such localities, destroy- 
ing the value of the land unless great care is used to neutralize the 
effect of these minerals. It is stated that land in this valley has been 
producing wheat, oats, and barley for over twenty years without signs 
of deterioration, and now produces from 35 to 45 bushels of wheat i)er 
acre without artificial fertilizers. 

Until the drought of 1889 the farmers deemed it sufficient to provide 
irrigation for only a small portion of their farms, relying upon seepage 
to furnish sufficient moisture for other parts. The experience of that 
year, however, showed the necessity of having a reserve supply of 
water and of prowding ditches to use in time of unusual drought. 
Without an ample supply and a thorough system of distributing the 
amount available irrigation, in the words of one who has had experi- 
ence, *' becomes a constant source of trouble and worry. There is more 
litigation and bad feeling among farmers over water rights and the use 
of water than in all other affairs combined." 

MADISON RIVER. 

The Madison river rises in the Yellowstone National park box theast 
of the head waters of the West Gallatin, a great part of the water com- 
ing from the hot springs and geysers of Firehole river and other streams 
in the park. It flows in a general westerly and northwesterly direc- 
tion for about 40 miles through canyons, then turns toward the north, 
and soon after enters Madison valley, a long narrow opening bounded 
at both ends by canyons through which the river flows. The catchment 
area of this stream above Madison valley is in most respects similar to 
that of the West Gallatin, with the i)08sible exception that the slopes 
may be a trifle less steep and the water delivered with a little less 
rapidity to the stream. 

Below Madison valley the river continues in the lower canyon for over 
10 miles before the walls again fall back. The gauging station of the 
Geological Survey is in this canyon at a point a short distance below 
the mouth of Hot Spring creek. The measurements obtained at this 
place represent therefore the amount of water flowing out of Madison 
valley, a comparatively small quantity being added during the passage 
of the river through the canyon. 

Madison valley lies at a general altitude of from 4,800 to 5,000 feet. 
It is over 30 miles in length from north to south, and upwards of 8 
miles in width at about its center. There is no railroad in the valley, 
the only means of transportation being by wagon road across the 
mountains. In spite of this fact, however, agriculture has developed 
to a comparatively large extent owing to the ready market for supplies 
at mining towns in that part of the state. 
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The water used for irrigation in Madison valley is taken almost exda- 
sively from the creeks which come from the mountains on both sides. 
These on the east rise to heights of over 10,000 feet, and the streams 
draining their slopes carry a considerable amount of water throughout 
the year. The main river, traversing the valley frf>m south to north, is 
little used on acc*ount of the fact that small ditches can be built from 
the side streams to cover the arable lands at far less exi)ense and by 
the exercise of less skill than fn»m the river. 

As in the case of theother valleysof Montana, the droughts of lS8l>and 
1890 impressed upon the farmers the fact that irrigation works must 
be so planned and constructed that they will receive an ample supply 
under unusual circumstances. In these years far more water than 
usual was required, and in 181K) much of the land had ti) be irrigated 
in order to plow it, or to enable the crops to start. In ordinary sea- 
sons no irrigation is necessary in this valley for the first crop of lucerii, 
and it is customary to give only one watering to small grain. In these 
latter years of drought there was no decided loss of crops, but the 
yield was not as large as usual owing to the scarcity of water at crit- 
ical times. 

This vallev is in the east end of Madison countv. which extends 
from the summits of Madison range westerly to JeftVrson river. The 
county thus includes several localities besides Madison valley in which 
iiTigation is practiced. Accoitling to the census the total number of 
irrigators in the county was 345 and the acreage of cn»p irrigated 36,819, 
giving an average of 107 acres i>er faim. It is evident from the average 
size of the crop areas that the methods of applying water must be 
comparatively crude and that it is used with little care and i>ersonal 
attention. The irrigating ditches are small and are owned usually by 
a few fiirmers, there being but one or two systems of notable size. 

It is probable that the Madison river can be diverted by means of 
large canals, one on each side of the valley, and by this means bring 
under irrigation all of tin* lowland and even a portion of tht benches, 
and that by a well planned system the higher benches can becultivate^l 
bv means of the water from the side streams. It will be necessarv, 
however, to make cai*eftil surveys In-fore the feasibility of such projects 
can be determined. In the north end of the valley near Meadow creek 
is a large area of arable land, the water supply for which is at present 
insufiicient. This can undoubtedly be irrigated, however, in part at 
least by the construction of storage reservoirs on Meadow creek, as, 
for example, at North Meadow creek lake, where, it is stated, the wate* 
can readily be held. At present the farmers in this locality state that 
owing to scarcity of water they can not raise sufficient hay to carry the 
stock through the winter, and that there are heavy losses in consecpience. 

The gauging station of the Geological Survey, as noted in the second 
annual report, is below the mouth of Hot Spring creek, 4 miles from 
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the town of Ked Bluff, at Huyward bridge,' The results of the compa- 
tationa of discharge are shown in Fig. 54, which gives the daily dis- 
charge for 1S91 and for the first half of 1892. This diagram should be 
compared with that on PI. lxi, in the Twelfth Annual Report,^ where ia 
given diagrammatically the quantity of water in the river in 1890 and 
during the early months of 1891. Reference should also be made to 
the table of mean monthly and annual discharge on page 92 of the 
present report. 
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About 6 miles below the gauging station the Madison river crosses 
the county line and enters Gallatin county, and a short distance beyond 
this point the valley widens, opening out into the western prolongation 
of Gallatin valley. Comparatively little irrigation is carried on along 
the river on account of the difficulty and expense of diverting water. 
From the topography of the country, however, it would appear that 
large canals can be built to carry water upon the bench lands upon 
each side. The practicability of such sihemes can only be determined 
by survey. The amount of water available, as shown by the stream 
measurements, is large, the average for three years being over l,!tO<> 
second-feet. This, at a water duty of 100 acres to the second-foot, 
would irrigate 190,000 acres, an amount far greater than can probably 
be covered by canals. Tims the water supply along the Madison river 
if properly utilizetl will probably be far in excess of the demands made 
upon it. 
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The bench laud on the west side of the Madison river contains a body 
of arable land probably as good as any in the state. This land extends 
from Three Forks up the Madison river for 10 or 12 miles and west to 
Willow creek, a distance of nearly 8 miles. Little, if any, of this laud 
is under cultivation, on account of the expense of constructing a canaL 
One-half of the land to be benefited is reported to belong to the North- 
ern Pacific railroad, which owns alternate sections. At present there 
are only a few hay ranches along the stream, the owuers being engaged 
in stock-raising, ^\llerever the ground is sufliciently moist a little hay 
is cut without irrigation, l)ut away trom the flood plains of the rivers 
nothing can be raised at present. • The soil, however, is very rich, and 
although it now produces merely a stunted growth of bunchgrass, by 
irrigation upwards of 40 bushels or wheat and 60 of oats per acre can 
be raised. 

JEFFERSON RIVER. 

The drainage basin of the Jefferson Ues west of that of the Madison 
and includes the area surrounded on the south and west b^^ the great 
bend or loop in the continental- divide or watershed. ' The drainage 
area of this stream is over four times as gieat as that of the Madison, 
but, in spite of this fact, the mean annual discharge of the stream is 
probably not as great, owing to the difference in character of topogra- 
phy and the lower elevation. The main stream is formed by the union 
of Bighole river, coming in from the west, and the Beaverhead fi-om 
the south. From this point the river flows in a general northeasterly 
course for a distance of 00 miles to its junction with the Madison and 
Gallatin, forming the Missouri river. 

Bedrock creek, the head waters of Beaverhead river, rises in the 
mountains south of Madison valley and flows west, parallel to the con- 
tinental divide, through a broad open valley, in which are numerous 
small lakes and marshes, furnishing excellent pasturage. This is 
known as Centennial valley. It is about 40 miles long and trom 2 to 3 
miles in width, and lies at an elevation of about 0,<MM) feet. Bedrock 
creek, after flowing beyond the line between Madison and Beaverhead 
counties, turns toward the north and flows through an open though 
broken country, suitable principally for grazing. The bed of the stream 
freiiuently becomes nearly diy at various points in Beaverhead county 
during the latter part of summer, and it will be necessary to store some 
of the water in order to increase the acreage of irrigated crops. 

A gauging station was established on April 9, 1890, at Bedrock, a 
short distance alx»ve the mouth of Horse Prairie creek, and measure- 
ments were continued until October. The average discharge for the 
year is estimated to have been 148 second-feet. The daily discharge 
of Bedrock creek lor the time duiing which observations were made is 
shown in the twelfth annual rei>ort, part 2, PI. lx, in connection with 
the diagram for the West Gallatin river. The drainage area is 1,330 
13 GEOL., PT. ui 4 
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square miles, and this amonnt of water would cover this area to a depth 
of IJ inches. The mean annual run-off from this catchment area was a 
little over 0.1 of a second-foot per square mile. A measurement was 
made of Bedrock creek at Alderdice, about 20 miles above Redrock, the 
discharge on September 6, 1890, being 10 second feet. 

Below Bedrock station several important tributaries enter the stream, 
the principal of those from the west being Horse Prairie, Grasshopi)er, 
and Battlesnake creeks, and from the east Blacktail Deer creek, Tlie 
latter stream was measured on September 4, 1889, at Poindexter, the 
discharge being only 10 second-feet from a drainage area of 300 square 
miles. This amount may be considered as the waste or seepage water 
from the ditches above. 

The Beaverhead river, formed by the union of the creeks named 
above, flows toward the northeast through an open country having an 
elevation of from 4,800 to 5,400 feet, the valley lands extending on each 
side up tributary streams. The water supply, especially in summer, 
is very scanty on account of the fact that the head waters of these 
streams are among comparatively low, broad mountains, from which the 
rain and snow water is not discharged with rapidity. In the higher 
valleys the various forage plants, with the exception of alfalfa, are 
raised, and also wheat, oats, and barley, the climate being in general 
too cold for corn and many of the common fruits. 

In consequence of the scanty supply of water and the lack of efficient 
regulations governing the distribution of it, controversies are con- 
stantly arising concerning the use of the water, and these lead to 
almost endless litigation. It is impossible for the agiicultural resources 
to be developed until the water supply is increased by storage and 
until a thorough system of water control is inaugurated, so that the 
irrigator may be reasonably sure of receiving a fair proiwrtion of water 
each year. 

In many of the upper valleys, as, for example, on Grasshopper creek, 
the settlers for nearly thirty years have raised nothing but hay along 
creek bottoms. They have not produced even the common garden veg- 
etables, but many of them are convinced that if the lands were thor- 
oughly cultivated and the water not allowed to run to waste, but stored 
and held for use during the summer, the production per acre could be 
increased threefold, and the water could be made to cover many times 
as much land as it does at i)resent. It is stat^Ml that under present 
methods the full limit of farming has been reached, and that when a 
ranch is taken higher up on the river and irrigated some j)er8on further 
down the stream must stop farming for lack of water. One farmer 
states that when he bought his land he had an abundant supply, but as 
other persons brought under cultivation land higher and higher up on 
the river and its tributaries, he, with others, began to lose the usual 
supply, and as a result all parties are engaged in lawsuits. 

Near Dillon a deep well has been drilled to a depth of 450 feet, at a 
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cost of al)out }5,000, in the hopes of obtaining artesian water. There 
is esiH*oial need here for water for the farms already nnder <Miltivation, 
not to mention the thousands of acres that might be cultivated if water 
could be had. The fanners, as a rule, see the imperfection of the pres- 
ent methods of irrigation, but are unable to unite upon any practicable 
l>lan to remedy matters. The first settlers claim most, if not all, of the 
water duriuff drv seasons, and the later comers do not see whv thev 
are not entitled to as much water as the others. 

The Bighole, or, as it was formerly known. Wisdom river, rises in the 
mountain ranges northwest of the headwaters of Beaverhead river. 
It flows northeriy through broad, open valleys, then turns to the east 
and southeast, describing roughly a half circle in a general way parallel 
to that formed by the continental divide. It is probable that this river 
carries a larger amount of water than does the Beaverhead, but, unfor- 
tunately, few measurements have l>een made. On Septemlx^r S, 1889, 
the Bighole, as measured at Melrose, was discharging only 60 second- 
feet ft^m a drainage area of 2,335 square miles. At about the same 
time, viz, September 9, the Beaverhea^l, at Dillon, where the drainage 
area is approximately .4,000 square miles, was discharging 75 second- 
feet. 

When the up])er valleys along this stream were first settlcil it was 
found that good hay grew in abundance along the river and on the 
small creek bottoms that were overflowed in spring an<l early summer. 
These lands were rapidly taken up, and for many years the inhabitants 
were successfid in raising sufficient hay for their cattle without irriga- 
tion. In 1889, however, there was almost complete failure of crops on 
such lainl, but those persons who had taken water out upon the l>ench 
or high lands had a fairly good crop. 

A short distance above the junction of the Beaverhead and Bi^^hole 
rivers Ruby creek enters from the southeast, bringing water from the 
Jefferson i*ange, Kuby range, and other mountains, the drainage basin 
of this river l)eing included within ^ladison county. This stream is 
rei>orted to flow continuously throughout the year, and the ditches 
dei)ending upon it usually receive an amount of water sufficient for 
ordinary needs. In the case of many of the tributaries, however, the 
supply is less abundant, some of them becoming dry during summer. 
A measurement of Ruby creek was made at Laurin on September 
4, 1889, and the discharge was found to be 90 second-feet from n drain- 
age area of approximately 710 s<|uare miles. 

There is complaint that the ditches are Ux> small and that the loss by 
evai)oration and seepage is enormous: also, that the construction has 
been so poor that the annual expense of maintenance is a serio!is mat- 
ter to the irrigator. There is a great need not only here, but elsewhere 
in the basin, of storage reservoirs near the liead of the river, and of 
more thorough systems of employing tlw water already available. It is 
stated that there is great wast<ige from lack 4>f definite rules regarding 
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the use of the water^ some persons allowing it to run where it does no 
good, or neglecting to employ it properly in spring and fall. The 
ground also is not always properly prepared, and the losses through 
ignorance and carelessness are often greater than those through scarcity 
of supply. 

Along the lower part of the Beaverhead many farms depend upon 
seepage and overflow, the only crop raised being hay. The cultivated 
lands lie higher and must be irrigated by means of ditches before any- 
thing can be produced, the only exception being in the case of certain 
soils which, in an unusually rainy season, retain sufficient moisture to 
support an inferior growth. In 1890, as well as in 1889, the Beaver- 
head was dry in certain places and it is probable that this condition of 
things will occur again and again, since more land is being brought 
under cultivation on the tributaries each year. The only apparent 
relief is from storage reservoirs. In a few instances alkali is reported 
to have developed on some of the lower lands to an extent sufficient to 
kill grass and other plants, resulting in partial or complete abandon- 
ment of these spots. 

Below the junction of the Beaverhead and Bighole rivers the Jeffer- 
son receives a number of tributaries, the principal of these from the 
north being Pipestone, Whitetail Deer, and North Boulder creeks, these 
being in Jefferson county, and from the south Coal, Bell, South Boul- 
der, and Willow creeks, these coming from the Jefferson range. 

On North Boulder creek, as on many of the other streams, there is 
great scarcity of water, and as the settlers bring more and more land 
under cultivation the demand steadily increases. In this part of the 
state examples are furnished of the changes in industry, the first set- 
tlers being attracted by mining, and then to some extent taking up 
stock-raising. After awhile the stock ranges become overstocked, and 
diuing the dry seasons the grass has been almost destroyed. As a con- 
sequence the settlers have turned their attention more and more to 
agriculture, and the strife for water has become severe. It is asserted 
that there is not sufficient water along North Boulder creek for one 
acre out of ten of the tillable lands unless some is saved by storage. 
In the dry seasons of 1889 and 1890 this creek and the Little Boulder 
were very low, and even dry in places, and the floods, which generaUy 
wet the bottom lands in April and May, were too small to be of much 
benefit. 

The drainage basin of Jefferson river includes all of Beaverhead 
county, the southern part of Silverbow county, the western part of 
Madison and the. south end jof Jeft'erson county. According to the cen- 
sus there were in Beaverhead county 294 irrigators and a total crop 
area of 42,606 acres irrigated, the average size of farm being 145 acres. 
In Silverbow county there were 75 irrigators and 5,968 acres irrigated, 
most of this undoubtedly being along the Bighole river or its tribu- 
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taries. In Jefferson and Madisou counties the a^-reage irrigated, as 
previously stated, lies partly in other basins. 

MISSOI'RI VALLEY. 

This name is commonly applied to the long, narrow valley lying for 
the most part on the east side of the Missouri river southeast of Helena. 
The river below Three Forks continues northerly for about 20 miles, 
prindpaUy in a gorge or canyon. At Toston the valley begins to 
widen, the river keeping its coui*se near the hills on the western side, 
leaving broad bench and low lands on the east. The vaUey terminates 
near Canyon Ferry, a point 18 miles from Helena in a direction a little 
north of east. A large number of streams rising in the Belt mountains 
enter this valley from the east, furnishing a well distributed though 
small water supply. 

Irrigation in the Missouri valley is carried on mainly by means of 
water from the tributaries, the water of the main river being used to a 
very small extent, if at aU. This is due to the fact that ditches can be 
diverted from the side streams with far greater ease than from the 
river on account of their dei'ided fall and the elevation of their beds 
relative to the lands to be irrigated. The water in these streams de- 
creases rapidly in July and many of them become dry later in the sea- 
son. In 1889 it is reported that not to exceed one-fourth of a crop was 
raised in the valley, and in many instances there was an entire failure 
owing to scarcity of water. In the following year the condition of af- 
&irs was a little better, but some farmers failed to obtain fair returns. 

The quantity of water in the streams varies greatly with the charac- 
ter of the weather during the winter season. K the fall is dry and 
there is a large amount of snow during winter a large part of this sat- 
urates the ground, but, on the other hand, if the ground is frozen before 
snow comes it often melts and runs away without being of benefit. The 
fiEurmers have become accustomed to estimating the probable amount of 
water available during the succeeding season and as far as possible 
regulate their crops in accordance with the probabilities. 

The great need of this valley is of a large canal taking water from the 
Missouri river and bringing it out at an elevation sufficient to cover 
the thousands of acres of excellent land. Whether this is practicable 
can be determined only by thorough examination of the route of such a 
canal.^ If this could be done then the water of the side streams could be 
used upon bench lands above the reach of the canal. As regards water 
supply there can be no question, for the amount in the river, as shown 
by measurements, is ample for all demands of this kind. 

The amount of water in the Missouri river at the head of the valley 
is practically the same as that atthe junction of the (lallatin, Madison, 
and Jefferson, since only a few small streams enter between these two 
places. The measurements of flowing water made in this part of the 

> Eleventh Ami. Rept. U. S. G«oL Survey, pt 2, Irrigation, p. 114. 
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river have been previously mentioned on p. 39. The details of those 
made at Toston from April 8 to July 26, 1890, are given on page 42 of 
the second annuiil report.^ According to these measurements the dis- 
charge at that time varied from 3,697 second -feet to 14,440. The meas- 
urements made by T. P. Eoberts in 1872 are mentioned on p. 236 of 
the third annual report,* the result obtained by him in the latter part 
of July being 8,638 second-feet. On July 28, 1890, the discharge, as 
measured by the Missoui^i Eiver Commission, was 2,863 second-feet, and 
on August 6, 1890, 2,640 second-feet. 

Besides the computations of discharge made for localities above the 
valley, others, as given on p. 39, were made for stations at the lower 
end of the valley, where the river again enters the canyons, viz, at 
Canyon Ferry, Stubbs Ferry, and localities in that vicinity. A com- 
parison of the results obtained at these places, together with those 
from the gauging station at Craig, shows that at the time of greatest 
drought the river rarely falls below 2,000 second-feet, so that at all 
times there will be an ample supply in the river for use upon the irri- 
gable lands. As previously stated, a permanent station has been 
established at Townsend by the Missouri Eiver Commission, where 
records of the fluctuations of the height of the stream are being kept. 

The quantity of water delivered by the streams coming from the Big 
Belt mountains is not known, but there is unquestionably an amount 
sufficiently large to iill during the spring numerous reservoirs among 
the foothills. By saving the surplus water in this way a larger acreage 
could be brought under cultivation in the Missouri valley, and it is pos- 
sible that the greater part of the land could in time be irrigated should 
a large canal from the Missouri river prove impracticable. On the 
other hand, even with a canal of this character there would still remain 
elevated tracts on the bench lands to be supplied with water from 
storage. 

The eastern side of Missouri valley is in the western end of Meagher 
county, the river forming the county line, while the land on the oppo- 
site bank of the stream is in Jeflerson county. In this latter locality 
most of the farmers depend for irrigation mainly upon water from the 
Missouri river, taking it out during flood time. When the stream faUs 
they can no longer bring the water out upon their ground and in sum- 
mer the crops often are very scanty on iiccount of the lack of mois- 
ture. The streams from the Jefferson range are less in number and 
carry a smaller amount of water than is the case of those from the 
Belt mountains in the east. 

PRICKLY PEAR VALLEY. 

Prickly Pear valley is northwest of Missouri valley, lying on the west 
side of the Missouri river and beginning nearly opposite the lower end 
of this latter valley. The Jefferson mountains are on the south and 

* n. S. Geol. Survey, Eleventh Ann. Sept., pt. ii, irrigation, p. 42. 

* Twelfth Ann. Bept. \J. S. GeoL Sanrey, pt 2, Irrigation, p. '236. 
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the continental divide with its spurs on the west and north. The city of 
Helena, the capital of Montana, is on the southwestern edge of the 
open land. The elevation of the valley is from 3,800 to 4,200 feet, the 
railroad at the city of Helena being 3,932 feet above sea level. The 
valley is nearly 12 miles wide and 20 miles long, but, although com- 
paratively thickly settled, the water supply is deficient. Wherever 
water can be obtained, however, the laud is thoroughly cultivated. 

In the Prickly Pear valley there are thousands of acres of arable 
land which by irrigation wcmld produce heavy crops. Cnfortunately 
the Missouri river is at an elevation too low to be brought out ui>on 
any of this land, for, as previo!isly stated, the elevation of low water 
at Toston is 3,879 feet and at Craig, 3,629. The only way of increasing 
the water supply, therefore, is by storing the spring floods. Occasion - 
aUy there have been seasons in which there was sufficient rainfall to 
produce a good crop anywhere in the valley, but from 1888 to 1890 the 
precipitation has either been too small, or has come at times when it 
was of little benefit to agriculture, and it is evident that no dependence 
can be placed ui)on the success of farming without irrigation. 

The facilities for storing water are rei^orted to be excellent, as there 
are many localities where water, in small quantities at least, could be 
held for use during the dry season. The matter has l)een frequently dis- 
cussed by the irrigators, b!it comparatively little work has been done 
toward making these resources available. Attempts have been made 
to obtain water by deep wells, one being drilled at Helena to a depth 
of 1,000 feet. Water was fouud at 100 feet, but^ it did not rise to the 
surface. Another well has been drilled to a depth of 521 feet, and this 
and other shallower wells are pumiK*d by windmills, each furnishing 
water for abimt an acre of ground. 

In some i>ortions of the valley are a few swam]»s and hay lands kept 
moist by springs or seepage, but in other parts there has been a suc- 
cession of losses of cn>ps owing to defieiency of water. In the southern 
part of the valley the irrigators dri»end uiM)n water from Prickley Pear 
creek, which flows north from the Jefterson range. A few own private 
ditches, while others have joined in forming companies in order to 
build canals and ditchi»s. There has been more or less contention over 
the division of water. In a few instances it is stated that x>rior locators 
whose rights have been confirmed by decisions of court find it more 
profitable to sell the water to more unfortunate irrigators than to 
attempt to use it tliemst»lves. 

DKAKHORX AND SUN RIVEKS. 

The Dearborn and Sun rivers rise in the main range of the K<X'ky 
mountains and flow easterly to the Missoiu'i, the Dearborn entering at 
a i>oint about 50 miles north of Helena an<l the Sun river at an equal 
distance further down the river. A large number of creeks flow into 
the stream between these i>oints, but they are of comparatively little 
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imx)ortance in irrigation. On the Dearborn river are several large irri- 
gating canals, the one on^he north fork being perhaps the most exten- 
sive in the state. There is no continuous record of the amount of water 
in this stream, the only measurements known being those made at 
Dearborn on August 9, 1889, the discharge being 47 second-feet, and 
on April 15, 1890, 37 second-feet. The drainage area at this point is 
about 350 square miles. 

In this vicinity are large areas of table or bench land along the Mis- 
souri river and extending back to the mountains. The soil on these 
lauds would be very productive if an ample supply of water could be 
secured. The Missouri river, however, is, as in the case of Prickly 
Pear valley, at too low an elevation to furnish the needed supply. In 
times of drought the small streams become dry often at points above the 
heads of the farmers' ditches. Even the comparatively large streams, 
as the Dearborn and Sun, contract to such an extent that it becomes 
a matter of conjecture as to where the water for the large canals is to 
come from. 

Along the beds of the small dry creeks a number of storage reser- 
voirs have been built by ranchmen, who find that in this way they can 
save enough water to bring under irrigation patches of forage crop of 
considerable size. This method of saving water is being gradually ex- 
tended, although the capital invested in such works is small on account 
of the limited means of the owners. Water is always plentiful in the 
spring, and if advantage is taken of this fact at the proper time these 
small x>onds can be filled. 

The Sun river has been described with considerable detail in the 
second annual report, ^ where is given a map of the basin, showing the 
reservoirs and canal lines surveyed by H. M. Wilson. The details of 
the work are given on page 121 of this volume. The discharge of the 
Sun river is shown graphicaUy on Plate lxiii of the third annual re- 
port,^ and the maximum, minimum, and mean discharges by months 
are given in the table on page 347 of the same volume. By reference 
to this table it will be seen that the discharge for 1890 ranged from 160 
second-feet up to 4,085 second- feet. The average for the year was 715 
second-feet, this amount of water coming from a drainage area of about 
1,175 square miles. The possible utilization of this water out upon 
the great plains on both sides of the Sun river, both in Lewis and 
Clarke and Choteau counties, and in Cascade county, above Great 
Falls, has been discussed by Mr. Wilson in other reports. 

The irrigators depending for water ui>on the smaller streams in this 
part of the country state that the water supply is barely sufficient for 
present demands, and that there are large tracts of land on every side 
now valueless for lack of water. Much of this can be irrigated only by 
storing the spring floods, but, unfortunately, the farmers do not have 



I Eleventh Ann. Rept. U. S. Geol. Survey, pt. ii, Irrigation, pages 120 to 133. 
' Twelfth Ann. Bept. U. S. Greol. Survey, pt. ii. Irrigation, p. 234. 
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sufficient capital to build the small reservoirs. The demand f(»r water 
is increasing with great rapidity since the ranges nj>on which the cat- 
tle have been accustomed to feed are being fenced and the st<K*kmen 
are compelled to raise more and more feed for their cattle. 

The drainage basin of the Dearborn river, the south part of that of 
the Sun river, and the Prickly Pear valley are principally in Lewis 
and Clarke county, in which area, a4!Cording to the last census, there 
were 231 irrigators, and a total of 15,441 acres irrigate<l from which crops 
were obtained. The average size of the area irrigated by each ]>erson 
was thus 67 acres, an amount considerably less than the average for 
the state, but still large when comi>ared with tlie carefully cultivated 
areas of Utah and of adjoining states. 

<'HESTNUT VAL.LKV AND SMITH RIVER. 

Chestnut valley is the term applie^l to the open land along the Mis- 
souri river above Great Falls and north of the Big Belt mountains. 
Smith river, which drains the country between the Big and Little Belt 
mountains, enters the Miss4mri river near the lower end of this valley. 
A large proportion of the lower land of this area can be irrigated by 
means of a canal from the Missouri. One canal has already been built, 
but owing to improper plan or construction a sufficient supply of water 
could not be turned into it during the drought of 1889 and succeeding 
years. 

The quantity of water in the river available for irrigation is very 
large, as shown by measurements made at various points referred to 
on the lU'cceding page^. The daily discharge at Craig, a i>oint north 
of Helena and above the mouth of the Dearborn river, is shown in Fig. 
55. The discharge in 1891, as indicated by the light line, was con- 
siderably less than in 1892. This figure should be compare<l with PI. 
LXii of the Twelfth Annual Report,* which also gives diagranimatically 
the dischai-ge during the early part of 1891, together with the quanti- 
ties for 1890 and for the latter part of 1889. The increased discharge 
of 1892 over that for 189(> and 1891 is especially noticeable. 

There is a large amount of bottom land along the ^lissouri river usu- 
ally overflowed each year in the month of June and producing heavy 
crops of wild hay. Occasionally, however, in years of drought there 
is no overflow and little hay can be cut. The construction of canals 
built in such manner as to insure a permanent supply of water for the 
valley must necessarily involve large expenditures, but the certainty 
of securing water offers inducements toward investment of this char- 
acter. In this part of the state there have been a number of large 
canals built at hea\7' expense, but which have been to a greater or less 
degree failures on account of errors of judgment as to the quantity of 
water available or through poor engineering in locating the line of 
canal. 



' r. S. Geol. Survey, Twelfth Ann. Rept.. pt. Ii. Irrigation, p. 2^2. 
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It is Stated tbat the charge for wat«i' ft-om the large eaual in Chest- 
nut valley is $2 ]>er miner's inch a seaHon, and tbat cue-half an inch to 
the afre is Hufficient, bnt in diy Reasoua the farmers vlaim tbat they 
can not aueeeed in raiding good crops with this amoimt of water. Oc- 
casiooally fair crops can be raised without irrigntioD, bnt with a thor- 
oagh system every acre of this beautiful valley could be made to pro- 
duce large crops every yestr. 

The headwaters of Smith river are in Meagher county, while the 
lower part, near Clieatnut valley, is in Cascade county. Aa in the case 
of nearly all streams which tlow from one county to another, there is 
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more or less friction among the irrigators of each locality regarding 
the distribution of the water during the summer. In the upper val- 
leys, where the agricultural areas are small, the water sapply is com- 
paratively abundant and is used freely and even wastcfully on bay 
lands. Further down the amonntof water available steadily diminishes 
until tlie point is finally reached where there is not sufficient for the 
land usually cultivated. 

On the headwaters of the south fork of Smith river from 15 to 20 
miles southerly from Whit* Sulphur springs a number of reservoirs 
have been examined by the Geological Survey and reported for segre- 
gation as described on pages 137 et seq., of the third annual report. 
At White Sulphur springs the valley has au elevation of about 5,000 
feet, and the Smith river is usually considered as a small sized creek. 
All of the ditches in this vicinity are owned by individuals who take 
as much water from the streams as they need. Occasionally, however, 
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when there is an onosual drought there is even at this point considera- 
ble litigation concerning the distribation of this water. Probably 
more land could be brought under cultivation if storage reservoirs 
were constructed in the localities favorable for such work. 

In the eastern end of Cascade county near the lower part of Smith 
river valley the countrj- is in general broken, and the only part suit- 
able for cultivation is that along small, narrow bottoms in the coulees 
which lead down from the mountains to some water course. In some 
of these coulees, or draws as they are locally called, there are small 
streams of water from springs which flow even during the dry season. 
This water is used by each settler in irrigating a few acres of grain or 
a garden, but there are few ditches of notable size. There has been 
little, if any, effort made to provide water storage. 

East of Smith river are a number of streams deriviug their water 
from the northern end of the Little Belt mountains or from the High- 
wood mountains which occupy an almost isolated position to the north 
of these. A few ditches have been taken out of Little Belt creek. Otter 
creek and Big Belt creek, but these were of comparatively little use 
during times of severe drought. In fact, as stated by one of the irri- 
gators, when there is sufficient water to till the ditches no irrigation is 
needed and they are practically useless. On the other hand, when the 
drought is unusually severe the only possible means of irrigation would 
be by water held in reservoirs near the Highwood mountains. 

TETON AND MARIAS RIVERS. 

The Teton and Marias rivers rise in the Rocky mountains in the 
northwestern corner of the Missouri basin and flow in an easterly direc- 
tion through a region of elevated plains and prairies, tinally joining the 
Missouri river. The general altitude of this country is from 3,000 to 
4.000 feet, towards the mountains the plains rising by gentle terraces 
to elevations of about 5,000 feet. This, as shown on PL cviii, is a broad 
grazing country, cattle finding an ample supply of grass, esi)ecially 
during years of oi-dinary rainfall. There are very few cultivated farms, 
and these are found along the streams where water can be obtained. 

On these plains crops can occasionally be raised without irrigation, 
but there is by no means certainty of success in any year. Tliere are 
few settlements in this part of ^lontana. the towns being mainly along 
the Missouri river. Irrigation is practiced principally near the head- 
waters of the Teton river, and also on the Marias to a small extent. 
At various times large irrigating systems have been projwsed to take 
water from these streams out upon the almost limitless plains Ijing in 
all directions. On the Blackfeet agency a small ditch has been built 
and the ground under it cultivated. The Indians attempted to raisi* 
crops without irrigation, but during 1889 and 1890 these were a failure. 

Along Dupuyer creek, the most southerly of the upper tributaries of 
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the Marias, ditches have been taken out by ranchmen either for the 
purpose of making hay from the wild prairie grass or for the cultiva- 
tion of crops; The fall of the land affords means for the easy and rapid 
construction of ditches and the water of the creek is all taken or claimed, 
except the flood waters of spring. The surroundings are reported to 
be very favorable for the construction of reservoirs, but the cost is 
beyond the means of individuals. The losses lor want of water in 1889 
in the valley of the Dupuyer alone ar^ stated to have been nearly 
$40,000. The land is very fertile and produces remarkable quantities 
of wheat, oats, barley and pota-toes. 

All along the foot of the Eocky mountains in this part of the basin 
of the Missouri river are small streams which can be utilized for irriga- 
tion, covering the level land in their immediate vicinity. Further out 
on the plains, however, where the soil is of great fertility, the water 
supply is very scanty and can only be increased by the most careful 
system of storage. It is not probable that more than a small percent- 
age of this vast area can ever be cultivated by means of irrigation, and 
it must remain useful only as pasturage. There are many natural 
basins into which water from melting snow could be conducted and held 
for use upon lower grounds in July and August. At present most of 
this land belongs to the government and affords free pasturage, so that 
there is little necessity of raising forage plants. 

The valley of the Teton is in places 3 miles wide and is at least 70 
miles long. Btock-raising is the principal industry, for, since the only 
railroad is along the Missouri river, there are no facilities for trans- 
porting products. It has not been found profitable to raise grain, but 
the land is rich and with irrigation will produce large crops. On 
August 7, 1889, the Teton at Choteau was discharging 26 second-feet. 

JUDITH AND MUSSELSHELL RIVERS. 

The Judith and Musselshell rivers receive the greater part of the 
drainage of the Missouri basin east of the Little Belt mountains and 
south of the main river. The headwaters of the Musselshell are south 
of those of the Judith, this stream flowing in an easterly direction for 
over 100 miles out upon the Great Plain region before turning north to 
join the Missouri. Both of these streams receive water from broad 
basins partially encircled by mountains rising to heights of from 6,000 
to 9,000 feet. The general elevation of these upper valleys is a little 
over 4,000 feet. They are comparatively well watered, many streams 
issuing from the mountains at short intervals. As a consequence there 
are a great many small ditches owned by individuals and few, if any, 
systems of irrigation owned by corporations. 

In the Judith basin there is occasionally a year during which a pay- 
ing crop can be raised without irrigation by the careful cultivation of 
certain lands, but there is seldom a time in which the crops would not 
be better by the employment of water. It is stated that 1887 was the 
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wettest year kuown, and that in 1888 there was ample rain until the 
Ist of July. In both of these years, good crops were raised in the 
valley without the use of water, but in 1889 and 1890, the snows in the 
mountains were very light and the rainfall so deficient that as a conse- 
quence most of the crops failed even where settlers were prepared to 
irrigate, the streams not furnishing sufficient water. A number of 
storage sites have beeen selected by this survey, and by the construc- 
tion of reservoirs in these oro^lier favorable localities the cultivated area 
could be greatly extended. 

Judith vaDey was settled within a comparatively few years, the first 
ditch being taken out of the Judith river in 188(>. As is usuaDy the 
case, the majority of farmers were poor and made their ditches at as 
little exi)ense as possible. As a consequence many of these are ineffi- 
cient and there is considerable waste of water. The claim is made by 
the farmers that better ditches are needed, as well as laws to regulate 
the use of water, especially during the time of drought, which begins 
in the latter part of July. The greater part of the drainage basin of 
the Judith and Musselshell rivers is included within Fergus county, 
where, according to the last census, there were 251 irrigators, having a 
total of 30,401 acres of crops under irrigation. The average size of crop 
area per individual, viz, 121 acres, shows that most of this must have 
been devoted to raising hay. 

The headwaters of Musselshell river are on the south side of the 
Little Belt mountains, many streams coming from the Elk mountains 
on the west and the Crazy mountains on the south. The principal 
areas irrigated are in the \iciuity of Martindale. In this vicinity' each 
farm or ranch as a rule has a ditch of its own, and the bottom lands 
along the streams are alone watered, these being but a small fraction 
of the arable land which could be brought under irrigation if reservoirs 
were constructed on the small tributaries. On ea4*h of tli4» small streams 
there are usually several i>ersons claiming the water which is sufficient 
to supply only one farm. The bench land, which now furnishes scanty 
feed to cattle, would with irrigation produce good grain or pasturage 
for large herds. At the head of many of these creeks or along their 
course reservoir sites have been segregated. 

A few measurements of streams have been made in this vicinity, and 
it was found that on August 17, 1889, North Musselshell at Martindale 
was flowing at the rate of lo second-feet and South Musselshell 10 
second-feet. On the same day Lebo creek was discharging 8 second- 
feet, American fork 3 second-feet, and Elk i-reek 10 second-feet. This 
portion of the drainage basin is in Meagher county. Farther dowii the 
stream, in Fergus county, the demand for water is even greater than 
at points higher on the stream, as the valley is broader, and there are 
thousands of acres of arable land which could be covered by canals. 
The tributaries which enter the Musselshell in the lower portion of its 
course all come from the Big Snowy mountains and contribute water 
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only in times of flood. During the summer all of the amount available 
is used for irrigation on the ranches near the foothills of these moun- 
tains. 

The country on both sides of the Missouri river, from above the 
mouth of the Judith river down to the Musselshell and even to the 
junction of the Yellowstone, consists largely of bad lands, in which 
there is no water, except in a few streams, which are from 50 to 200 feet 
lower than the land. There is some level land on the divide, but it is 
useless on account of the absence of water. 

MILK RIVER. 

Milk river rises in the liocky mountains near the northern border of 
Montana, the greater part of the headwaters being within the Dominion 
of Canada, in the territory of Alberta. It flows in a general easterly 
direction, being in the middle third of its course nearly parallel to the 
Missouri, and finally turning toward the south enters the latter stream 
about 120 miles above the junction with the Yellowstone. For nearly 
its whole length it flows through prairies or high plains, from which it 
receives little water. The greater part of the drainage area in Montana 
has been until within a few years included in a vast Indian reservation, 
and therefore agriculture has not had an opportunity to develop. By 
the throwing open of the Milk River valley to settlement, however, 
rapid progress has been made and the possibilities of the region have 
begun to attract attention. 

Previous to the throwing open of the Indian reservation in Milk 
River valley there had been experiments in farming made by white 
men living in the reservation, and also by the Indians, dependence 
for water supply being placed upon melting snow and rainfall. A crop 
raised in 1888 demonstrated that all kinds of grain and vegetables, 
flax, hemp, and to a limited extent fruit, can be produced. Water can 
be taken from Milk river in many places by ditches, but the stream 
becomes very low after the spring freshets. 

The whole of the eastern end of the Missouri basin is a vast prairie 
country with scanty vegetation, and is in general suitable only for pas- 
turage. There are a few localities where water can be diverted from 
the main stream or held in reservoirs and small patches of low land 
brought under irrigation. While these areas are of themselves im- 
portant in this vast extent of pasture land, yet in size they are almost 
insignifleant. There is occasionally a year during which crops can be 
raised without the application of water, but the uncertainty is so great 
that it would be ruinous for a farmer to attempt to make a living in 
this way. The small creeks shown on the map as draining the eastern 
part of the basin are usually dry for a great part of the year, although 
at certain times they carry a large amount of water. No measurements 
have been made of the amount of water available in the Milk river or 
in any of these streams. The Missouri river itself has been gauged at 
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various points aloug this part of its course by officers of the Missoiuri 
River Commission in the course of their surveys for the purpose of 
improving na\igation. The results of these measurements are noted 
on page 237 of the third annual report.' As there stated, the esti- 
mated mean daily discharge in 1879 was 13,530 second-feet, and in 1880 
was 18,151 second-feet. As is obvious, this amount of water is far in 
excess of any demands which could ever be made for the purjwses of 
irrigation. 

YELLOWSTONE RIVER BASIN. 
LOCATION. 

The drainage basin of the Yellowstone river, as shown by the small 
index map. Fig. 51, lies south and partly east of the Missouri basin, 
above described. Continuing in order around the basin, on the east 
are the head waters or streams flowing into the Missouri in the Dako- 
tas and Nebraska; on the south is the basin of the Platte and that of 
the Colorado, and on the southwest the tributaries of Snake river, one 
of the bra'ichesof the Columbia. The YeUowstone basin is separatetl 
from the head waters of the Colorado and Columbia by the continental 
divide, which in this portion of its course is made up in places of a 
high, undulating country, in which the line of water parting is not 
sharply detinetl. 

The Yellowstime river rises in the nati<»nal park to which the stream 
has given its name, flows north throu<rh deep canyons into the state of 
Montana, and then pursues a general northeasterly course to the junc- 
tion with the ^lissouri river near Fort Biiford, a few miles east of the 
state line between Xorth Dakota and Montana. The principal tribu- 
tary of the Y'ellowstone, the Bighorn, rises in the Wind River ui4mn- 
tains, near the center of Wyoming, and. flowing northerly, unites with 
the Y'eUowstone aljout halfway tiom its source to mouth. Other 
streams, as, for example, the Tongue and Powder rivers, flow Irom Wyo- 
ming in a northerly course, parallel to that of the Bighorn, entering 
at ixnnts below the mouth of the latter stream. 

As will be seen by ins^MM'tion of the map, PI. Cix, the Y'ellowstone 
river flows along the northern side of its drainage basin, its water being 
receivcil almost entirely from rivers coming in tiom the S4»utli and head 
ing in the Absaroka and Bighorn ranges. The east and west line form- 
ing the boundary between the states of Wyoming and Montana ruts 
across the headwaters of all these streams, so that as a broad statement 
it may be said that three-fourths of the water in the Yellowstone comes 
from the state of Wyoming, while the largest extent of iixigable land 
is probably in Montana. 



•Twelfth Auu. i:«'pt. U. S. ii*f*\. Sui-\-i'y. 161*0-91. pt. ii. Irrigation. 
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AREA AND TOPOGRAPHY. 

The total area of this basin is approximately 69,683 square miles, of 
which 36,312 square miles, or a little over one-half, are in the state of 
Montana. Measuring the elevation of the basin as shown by the con- 
tour lines on the map. it has been found that the areas at various alti- 
tudes are as follows : 

Square mile«. 

Area under 2,000 fetjt 200 

Area from 2,000 to 3,000 feet 6, 340 

Area from 3,000 to 4,000 feet 12, 288 

Area from 4,000 to 5.000 feet 12, 265 

Area from 5,000 to 7,000 feet 23, 605 

Area over 7,000 feet 14, 985 

In general outline the basin, as shown by the map, is rudely trian-, 
gular, a long x>oiut extending toward the northeast. All of the high 
ground is in the opposite direction, namely, near the southwestern side, 
the basin as a whole falling off rapidly toward the region of the great 
plains of the Dakotas and eastern Montana. The high mountains in 
the elevated i)ortions of the basin, rising to altitudes of 10,000 feet and 
over, furnish a large and perennial supply to the streams, so that, 
although the drainage area is less, the amount discharged by the Yel- 
lowstone at the junction of the two streams is probably nearly equal to 
that flowing in the Missouri. 

One of the chief characteristics of this basin is the great extent and 
elevation of these mountain masses occupying the southwestern part 
of the area. These fall into two groups, separated by the Bighorn 
river, the flr§it of these being the Absaroka range, together with the 
Snowy mountains on the north and the Wind jiver range on the south, 
and second, the Bighorn range, lying far to the east. These great 
mountain masses receive an amount of precipitation unusually large 
for the arid region. The great^^r part of this comes in the form of 
snow, which, melting during the summer, furnishes a large amount of 
water to the widely distributed streams flowing out in all directions. 
Thus owing to the excellent water supply there are unusual opportuni- 
ties for the development of irrigation wherever arable land is to be 
found. 

In the northeastern part of the basin are plains deeply cut by the 
larger rivers issuing from the mountains and also by the streams which 
at certain times of the year carry away the storm water of the compar- 
atively level country. On the eastern edge of the basin the plains have 
been deeply eroded and begin to pass into the condition of "bad lands," 
a type of country which prevails in the vicinity of the Black Hills. 

The lofty slopes of the mount<ain ranges are thickly clothed with tim- 
ber, some of it of great value, becoming more so 4is settlement advances. 
The map, PL cix, has been colored to show the general distribution of 
this timber and also of the areas containing a notable amount of wood 
suitable for fuel. The remainder of the drainage basin consists for the 
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most part ot graziug or bay lauds, there being few localities iu which 
food for cattle can not be found during a part of the year at least. The 
area covered iu whole or iu part by timber has been estimated to be 
11,320 square miles, and by scattering firewood 13,580 square miles, 
leaving 44,783 square miles suitable for grazing, a small part of this 
being so situated that it can be brought under cultivation by iirigation. 

AREA IRRIGATED. 

In this basin the total area irrigated and from which crops were ob^ 
tained in 1889, as shown by the Eleventh census, was 108,934 acres, or 
170*21 square miles. This is only 0-38 per cent of the total area con- 
sidered as pasture land, the soil of most of which is fertile and only 
needs the application of water to proiluce g<x)d crops. There are within 
the basin a few localities where farmers are moderately successful 
without irrigation, but these cases are considered as exceptional, for, 
as a rule, the rainfall, although heaviest in the summer season, is insuf- 
ficient for the needs of most crops. 

The placres at which irrigation has been carried on are shown on the 
map by the dark spots, the area of these, however, not being in true 
proportion, but are somewhat exaggerated in order to make them ap- 
parent. Along the rivers a portion of the lower land has been distin- 
guished by a difierent tint to indicate the irrigable areas or lands to 
which water may be brought in the future, the area and location of 
these depending of course upon the manner in which the water supply 
is utilized. 

WATER MEASI'REMENTS. 

The measurements of the amount of water flowing in the Yellow- 
stone made by the (Jeological Survey have been described in the pre- 
vious report* where are also given the results of four gaugings made 
below Yellowstone lake. In addition measurements have been made 
by officers of the Engineer Corps, U. S. Army, giving the total amount 
of water carried at various points on the main stream.^ One of these, 
made at the junction of the Bighorn and Yellowstone in August, 1879, 
showed that the Yellowstone a]>ove the Bighorn was discharging at 
the rate of 7,471 second feet and the Bighorn 5.SCo second-feet, making 
the total discharge below this i>oint 13.'i3G second-feet. Further down 
stream, at FortKeogh. above Miles City, in September, 1S78. the dis- 
charge was 14,402 second-feet, and in October, 1879, 0,505 second -feet, 
showing a comparatively wide range for the late summer season. At 
Wolf rapids, about a mile below the mouth of Powder river, the dis- 
charge in September, 1878, was 11,235 second-feet, and at Diamond 
island, about 30 miles abovethe junction of the Missouri, the discharge 

'Eleventh Ann. Kept. U. S GeoL Snrvey. pt. ii. IrrigfttioD. pp. 36-38 : see al»o tables in Appendix o. 
this report, p. 93. 

*Ann. Kept Chief of En^;.. T. S. Army. IS^. p. 1476. See alM> rep«>rt for 1879. p. 1101. and for 1S83, r* 
1351. For di«tance«, fall, and rate of fall per mile »ee report fur 1880, p. 1477 
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in October, 1878, was 8,155 secuiid-feet. The above, with one gauging 
of the Bighorn made by W. H. (iravcs, engineer of the Indian bureau, 
comprise nearly all the data available. This latter measurement of 
the Bighorn was made near the mouth of the canyon on September 4, 
1891. The width of the river was 257 feet, the average depth 2-91 feet, 
the rate of flow 4-28 feet per secoud, and the computed discbarge 3,200 
second-feet. The drainage ba»iu at this locality is abont 18,000 square 
miles, and the average fall from the canyon dowu to Fort Custer 7 feet 
per mile. 
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Fio. Be.— IMagnm of dsUf ditwtaarge of YellowBtmie river near Horr, MootaDk, for IWl ud 1802. 

Obserratious of the height of the river at Horr, about 4 miles below 
Oinnabar, have been made by the Geological Survey aince August, 
1880, giving data from which to compute the daily discharge as shown 
on Fig. S6.' Above this jwint the water has not been diverted, a great 
part of the area drained being within the Yellowstone IN'ational park. 
The features of this woudcrliil country have been described in many 
publicatious, notably in the volumes of the IT. S. Geological and Geo- 
graphical Survey of the Territories, commonly known as the " Hayden 
Survey," from its chief. Dr. F. V. Haydeu. In this connection it is 
sufficient to state that the catchment basin of the river above Horr con- 
sists of a high volcanic plateau, situated at a mean elevatiou of about 
8,000 feet, surronnded by rugged mountain ranges whosesummits rise 
to altitudes of from 10,000 to 1 1,000 feet and over above sea level. Yel- 
lowstone lake is a natural reservoir tending to equalize the flow of the 
river and in which if necessary an enormous amount of water could be 
held at relatively small expense. It is doubtful, however, whether this 
will ever be desirable, since the Yellowstone River carries au amount 

■Sec hLm TweUth Ann. Bcpt. U. S. Gwl. Snrre;, PL LZtv, p. 23& 
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of water far in excess of the needs of the lands which can be brought 
under ditch by ordinary means. 

A few measurements were made at Springdale, east of Livingston, 
and about 70 miles below Horr, but the results at this place did not 
materially diflfer from those at Horr, and therefore work at that point 
was abandoned. Near the headwaters of the Tongue and Powder 
rivers the state engineer of Wyoming has made a number of gaugings 
of streams of importance i n irrigation. A brief statement of the results 
of these measurements is given further on in the description of the 
basins of the rivers mentioned. 

As a general statement it may be said that the amount of water in 
the Yellowstone and its principal tributary, the Bighorn, is far in ex- 
cess of any demand to be made upon it. It does not seem credible that 
irrigation works will ever be constructed of a magnitude such that a 
serious diminution of the annual discharge will take place. In the case 
of the small tributaries, however, issuing from the eastern side of the 
Absaroka and other ranges of this group and from the Bighorn moun- 
tains, where the supply, though in the aggregate large, is well distrib- 
uted, the amount ordinarily available is not sufficient for all demands. 
In these localities are many valleys where on account of the rapid fall 
of the streams water can be readily diverted upon arable lands and in the 
aggregate thousands of a<5res brought under cultivation. It is in such 
places that economy in the use of water must be observed and the sum- 
mer flow increased, if possible, by the construction of storage reser- 
voirs. 

PRECIPITATION. 

In the Yellowstone basin there are comparatively few localities at 
which measurements of the amount of rainfall have been made. The 
longest records are those which have been kept by post surgeons at 
various camps and forts. From these records, collected and published 
by the Signal Service of the Army, it is apparent that the annual pre- 
cipitation ranges from 10 inches on the plains in the northeastern part 
of the basin up to 30 inches or over in the valleys among the mountains. 
No observations have been made as to the depth of precipitation on the 
high summits, but it is probable that it amounts to as much as 40 
inches or even more. 

In the following list are given the names of the principal stations at 
which measurements have been made, together with the number of 
years and the average depth of precipitation : 



Locality. 



Length 
of record. 



Camp Sheridan, near Mammoth Hot springs, Yellowstone National park. 

Fort Washakie, 15 miles northwest oi Lander, Wyoming 

Fort HcKinnej, at Boffalo, Wyoming 

Fort Caster, Montana, at moatn of Little Bighorn 

Fort Ksogh, near Miles, Montana 

Glendire, Montana 



Average 
depth of 
nunfall. 



Yean. 


Inches. 


2 


25-46 


9 


10 14 


4 


10-53 


10 


13 16 


12 


12-90 


2 


10 15 



68 



WATER SUPPLY FOR IRRIGATION. 



The first of these stations, that in the Yellowstone National park, is 
at an altitude of over-G^SOO feet, and is surrounded by high peaks, and 
thus, as might be expected, the amount of precipitation is relatively 
great. Most of this comes in the winter months, and in this respect 
dififers from records at other localities in the basin. The distribution 
of rainfall during the year at these places is similar in most respects to 
that in the Missouri basin, the greater part of the rainfall occurring in 
May and June, as shown graphically on Fig. 52. 

Taking the mean monthly rainfall at the stations named above, 
excepting Camp Sheridan, the precipitation per month obtained by 
averaging these is as follows: 



Janaftry — 
February .. 

March 

April 

May 

June 

July 

Aajnist — 
September. 
October — 
Kovember. . 
December . . 

Total. 





Inches. 


Percent. 




0-64 
0-50 
056 
105 
213 
1-88 
1-25 
0-92 
0-86 

o-e? 

0-36 
0-34 


5-7 




4*5 


• 


5-0 




9.4 




19*1 




16-9 




11-2 




8*3 




7-7 




6-0 




3*2 




3*0 








1116 


100*0 







YELLOWSTONE RIVER ABOVE BIGHORN. 

In a detailed description of the water supply of the Yellowstone basin 
it becomes convenient to divide the whole area into a number of sub- 
basins, each embracing the catchment of a large tributary or a portion 
of the main stream. The first of these sub-basins may be taken as that 
I)ortion of the Yellowstone basin which includes the headwaters down 
to the mouth of the Bighorn river. Next in geographic order on the 
east is the basin of the Bighorn, succeeded by those of the Tongue and 
of the Powder river, and finally the remaining area tributary to the 
lower part of the main stream. 

The general character of the catchment basin of the Upper Yellow- 
stone has been briefly described above. After leaving the great canyons 
below the National park the river flows through a narrow valley, in which 
a small amount of irrigation is practiced, mainly by means of water from 
mountain streams. At the northern end of this valley the river passes 
through the lower canyon and shortly beyond this locality takes a 
general course toward the east, the lowlands becoming wider and 
better adapted for agricultural purposes. As shown by the map, the 
river partially encircles the northern end of the Absaroka or Snowy 
range, receiving from these lofty mountains a great number of streams 
which flow out toward almost every point of the compass, emptying 
directly into the Yellowstone, or, uniting, form large tributaries, such, 
for example, as Clarke Fork. These streams carry a perennial sup- 
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ply of water, which is atilized wherever possible apon the lowlands in 
the narrow valleys. The streams coming into the river from the lower 
mountain ranges on the left hand, viz, the western or northern side, 
discharge a relatively small amount of water, the quantity being far 
less than that needed to supply the agricultural land, and as a conse- 
quence there have been quarrels and expensive litigation concerning 
the division of water. In a number of instances attempts have been 
made to increase the summer discharge of small streams by the con- 
struction of storage reservoirs by farmers, working singly or in part- 
nership. 

Little if any water is taken from the main river until a point about 
30 miles above Billings is reached. At and below this point are a num- 
ber of canals and ditches on the north side covering land in the vicin- 
ity of Park city, and from thence down to BiUings. The principal of 
these in order are the canal of the Minnesota and Montana Land and 
Improvement Company, the Italian Company^s ditch, MUl ditch, Clarkes 
Fork ditch, and the Yellowstone and Canyon creek ditch. 

Clarkes fork enters the Yellowstone from the south side about 10 
miles east of Park city. It discharges a large quantity of water, the 
amount of which has not been ascertained. Irrigation is carried on at 
various places along the head waters in Bighorn county, Wyoming, 
but owing to the fact that the stream throughout its course in Montana 
is within the area lately a part of the Crow Indian reservation the 
waters in that State have not been utilized. 

BIGHORN RIVER. 

The Bighorn river rises on the northeasterly side of the Wind river 
mountains and flows northerly l>etween the Bighorn and Absaroka 
ranges^ receiving many large tributaries from both of these great 
mountain masses. The water supply is in excess of any demands likely 
to be made upon it for many years, owing to the fact that the larger 
bodies of agricultural land along its (*ourse can only be reached by 
long and exx>ensive canals. The greater part of this basin is compara- 
tively inaccessible, owing to the distance from lines of transportation. 
The principal industries are mining and stock raising, a small amount 
of irrigation being practiced ou lands mainly near mining camps or on 
the low grounds of cattle ranches. The White river or Shoshone Indian 
reservation in Wyoming and the Crow Indian reservation in Montana 
cover some of the best land in this basin, but outside of these are many 
localities to which water can profitably be brought. 

The greater part of the irrigation is in the vicinity of Lander, south 
of the Wind river reservation, water for the cultivated lands being 
taken from the Popo Agie and its tributaries. From this point north- 
erly along the base of the mountains on both sides of the river water 
has been diverted in a small way from the head waters of the Wind 
liver, Owl creek. Grey Bull, Badwater, and other streams. There are 
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no large canals, but many ditches dug by indiyiduals or by a number of 
irrigators acting in partnership. 

MeasurementB of the amount of water in many of the small streams 
in the vicinity of Lander were made by the state engineer during the 
summer of 1892,^ the principal results of which are given in round 
numbers in the following table: 



Date. 



June 19, 1892 
June 23, 1892 
June 27, 1892 
July 5, 1892 
July 20,1892 
Aug. 4,1892 
Aug. 8.1892 
Aug. 8,1892 



Stream. 



Beaver creek, at Hailey 

Squaw creek 

Mexican creek 

North Fork Popo Agie river, at Milford bridge 

Middle Fork Popo Agie river, near Lander 

Little Popo Agie river 

Cherry creek 

Red Cfanyon creek 



Discharge 
in second- 
feet. 



70 

26 



619 

343 

67 

9 

5 



A few measurements were also made about this time giving the dis- 
charge of Bighorn river at the ferry at Alamo in Bighorn county. The 
results showed that on July 10 the mean velocity at this point was 4.72 
feet per second, and the total discharge 9,707 second-feet. On July 14 
the Stinking Water river at the bride at Corbett had a mean velocity 
of 6.22 feet per second and was discharging 4,974 second-feet, this 
water entering the Bighorn about 45 miles below Alamo. 

Within the Crow Indian reservation in Montana a small amount of 
irrigation has been carried on by Indians by use of water from the 
Little Bighorn. This stream receives water from the northern end of 
the Bighorn range, and is of sufficient size to irrigate a large acreage. 
Surveys have been made under the direction of the Indian Bureau, 
and estimates prepared of the expense of caucals in order to determine 
the feasibility of systems of inigation supplied with water from the 
Bighorn and from the Little Bighorn. It has been ascertained that 
water can be diverted upon the highlands between the two streams or 
upon those to the west of the main river at a cost per acre sufficiently 
low to justify construction. 

TONGUE RIVEB. 

The Tongue river heads on the northeasterly slopes of the Bighorn 
range in Sheridan county, Wyoming. Below the junction of its prin- 
cipal tributaries the river flows in a direction a little east of north 
through Custer county, Montana, entering the Yellowstone. Irriga- 
tion is carried on in Wyoming to a large and constantly increasing 
extent by means of the many streams draining the high mountains, 
these being widely distributed and easily diverted upon land among 
the foothills. On account of this fact Sheridan county is rapidly 
becoming one of the principal agricultural localities of the state. 
In the aggregate, however, there is more good farming land than can 

* First biennial report of the state engineer to the governor of Wyoming, 1891 and 1892. Chej- 
enne, Wyoming. 1892. Appendix, p. xxi. 
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be irrigated, and along some of the small streams therd^is occasionally 
a scanty supply. Gaugings of a few of the more important streams 
have been made by Prof. Elwood Mead, state engineer of Wyoming. 
The data^ furnished by him show that on June 21>, 1891, Little Goose 
creek at Davis ranch discharged 109 second-feet: on July 5, 1889, Big. 
Goose creek at Beckton bridge discharged 169 second-feet and on July 
1, 1893, at Sheridan bridge, 1,009 second-feet; on July 29, 1891, Tongue 
river at Dayton bridge discharged 192 second-feet, and on July 28 the 
south fork of Tongue river at Burkitt's flume discharged 18 second -feet. 

Outside of the foothills it becomes a matter of considerable trouble 
and expense to divert the water, on account of the banks of the stream 
in most cases being high and the material of such a nature that it 
washes away or softens under the action of water. The river is very 
crooked, crossing the bottom lands from bluff t^i bluff, rendering it ex- 
pensive and even imjiossible to build long ditches. With increase of 
population, however, it will doubtless be practicable to attempt large 
schemes to cover the higher lands and utilize most of the water in the 
main stream. 

In its course through Montana there is comparatively little irriga- 
tion along the river. A few ditches have been dug, but there are not 
many localities where water can be diverted at small exi)ense. At- 
tempts have been made to use pumps in order to lift the water up to 
the top of the steep banks. The bottom lands are usually narrow and 
so fi'equently cut by the river in its course from side to side that ditches 
can not be built. At Miles is the largest ditch along the lower course 
of the Tongue river. This heads on the east side of the river about 
15 miles above the Yellowstone and follows down along the stream to 
Miles, where it turns off into the valley of the Yellowstone. Tlie 
water in Tongue river is raised by a dam to a height of about 7 feet 
above low water, diverting it into the canal. 

Between the Bighorn and Powder rivers is the Rosebud, which flows 
northerly into the Yellowstone. This river does not head in the high 
mountains, and therefore during a large i)art of the year is nearly dry. 
There are probably twenty ditches along the stream, irrigating small 
areas of hay, grain, and vegetables. In July, August, and September 
the water often ceases to run, and for sometime during late spring the 
creek furnishes barely enough for the land under cultivation, so that it 
will be necessary to store some of the water which flows to waste in the 
early part of the year in order to utilize a considerable proportion of the 
agricultural land in this valley. 

POWDER RIVER. 

The Powder river receives the greater part of its water from the 
eastern side of the Bigh<nMi raujre, its upper tributaries being south of 
those of Tongue river. These are utilized for irrigation at points along 

'First biennial r*-port of the state engineer to the governor of Wyoming. 1^91 and Id&rJ. Chey- 
Wye, 1892. Appendix, pp. xix and xxi. 
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the foothills wh^re they can be readily diverted, a comparatively small 
amount of water escaping to the main river during the irrigating sea- 
son. The ditches highest up on the stream receive usually an abun- 
dant supply, while those lower down are often short of water, causing 
many controversies which require the intervention of state officers. In 
1889 there was an unusual drought, and many of the upper streams, 
especially those receiving water from the lower foothills, were entirely 
dry, resulting in large losses of crops. At a distance of from 20 to 50 
miles from the mountains the waters of the various streams are fully 
appropriated, and in many cases the amount called for is far in excess 
of the ordinary discharge. The measurements made by Prof. El wood 
Mead^ show that on June 3, 1891, Clear creek, at weir in the canyon, 
discharged 552 second-feet, and on August 3, at the same place, 72 
second-feet; also, on August 12, Eock creek below the forks, near 
Buffalo, Johnson county, discharged 17 second-feet. Many other 
streams were measured, the result in each case being less than 5 second- 
feet. 

As the Powder river and its tributaries leave the vicinity of the 
mountains the amount of water available decreases, the expense of 
taking it oiit upon the land becomes greater, and long before reaching 
the Montana line no irrigation is attempted. In its course through 
Custer county in the latter state the river during a great part of the 
year ceases to flow, and owing to the character of the country irriga- 
tion is practically impossible. . This part of the basin of the Yellow- 
stone is within the ^^ bad lands," and has little or no value for agricul- 
ture or stock-raising. 

LOWER YELLOWSTONE RIVER. 

From Billings down to the mouth of the river there are at intervals 
small areas of irrigated land, these being mainly at places where tribu- 
taries enter from the north or south. The amount of water in the river, 
as shown by the measurements previously mentioned, is very great, but 
none of this has been diverted by canals on account of the very gentle 
fall of the stream. In a few localities pumps have been erected and 
sufficient water raised to cover small gardens or to irrigate trees. The 
side streams, however, have a greater slope and can be controlled by 
dams raising the water above the level of the lower land. The largest 
system of irrigation is that previously mentioned as being in the vicinity 
of Miles. 

On accoimt of the great expense of building canals to cover the low 
land along the Yellowstone many of the farmers have been compelled 
to resort to what are known as " high-water" ditches. These are dug 
at places where during the high water of spring they will receive some 



'Fint biennial report of the 8tat« enginei^r to the governor of Wyoming, 1891 and 1882. Chey- 
enne, Wyo., 1892. Appendix, p. JUX. 
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of the overflow, carrying it out upon grounds farther down the stream. 
In this way a large acreage, mainly of hay land, can be given one 
thorough soaking. Beyond the bottom lands are vast areas of fertile 
land lying at a height above the river so great that it is improbable 
that water can ever bii brought to them. To irrigate these plains would 
necessitate the construction of a canal of 100 miles at least in length, 
and if practicable the expense will doubtless be too great for any ordi- 
nary corporation to undertake. To determine the feasibility of such a 
canal will require careful surveys and a thorough examination of the 
matter firom all standi>oints. 

PLATTE RIVER BASIN. 
LOCATION AND AREA. 

The drainage basin of the Platte above the junction of the north and 
south branches lies mainly in southeastern Wyoming and northern 
Colorado, a small i>ortion being within the state of Nebraska. As 
shown by the index map, Fig. 51, this basin on the northwest adjoins 
that of the Yellowstone. On the west arc the headwaters of the Colo- 
rado river, on the south those of the Arkansas, and on the northeast 
and southeast are the streams which, coming from springs on the Great 
Plains, flow easterly into the Missouri river. The basin as a whole, 
as shown by PI. ex, slopes from the mountains in the southwestern 
part, both north and easterly, the greatest fall being in the latter direc- 
tion. 

The total area of this basin is 57,320 square miles, of which 24,240 
square miles are in Wyoming, 22,230 square miles in Colorado, and 
10,850 square miles in Nebraska. Of the area in Colorado 2,025 square 
miles are included within the drainage basin of the North Platte and 
20,205 square miles in that of the South Platte, this latter basin being 
thus almost entirely within Colorado. The line of watershed of the 
basins of the North and South Platte is not sharply defined, except 
among the high mountains. Throughout the Great Plains it is very 
indefinite, and also in the high almost desert area in Sweetwater county, 
Wyoming. A somewhat arbitrary line has, therefore, been taken as 
bounding these sides. 

The North Platte rises in the northern part of the main range of the 
Rocky mountains in Colorado and flows in a general northerly course 
nearly half across W3'oming. The direction taken by this part of the 
river shows plainly the general slope of the surface of Wyoming toward 
the north. A relatively slight depression of the central part of the 
state would throw the waters of this stream directly into the head- 
waters of Powder river, which flows northerly on the prolongation of 
the course taken by the upi>er part of the North Platte. This latter 
river, however, shortly after receiving the Sweetwater from the west, 
begins to swing around toward the east, flowing along the upi>er edge 
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of the drainage biisin, and, having described nearly a half circle around 
the Laramie hills, takes a southeasterly course and flows for over 150 
miles in an almost straight line. The principal tributary^ the Laramie 
river, curves in a manner similar to that of the upper waters of the 
North Platte. It rises behind the Laramie range, flows northerly, and 
then gradually turns toward the east, passing through the range to 
join the main river. 

The South Platte rises behind the Front range of the Rocky moun- 
tains and, passing out through a canyon, flows along the foothills, col- 
lecting in its northerly course the waters of a large number of mountain 
creeks, each of which issues through a deep canyon. After receiving 
the Cache la Poudre, the largest stream of this part of the country, the 
river turns toward tlie east and flows out through the Great Plains. 
As the North and the South Platte continue on their way through the 
comparatively level country they converge at first rapidly and then 
more and more slowly, flowing within a few miles of each other for a 
distance of over 50 miles, the bed of the South Platte being probably 
slightly higher than that of the North Platte. 

ELEVATION AND TOPOGRAPnY. 

The general elevation of the basin is best shown by the following 
table, prepared by means of measurements of the areas inclosed by 
contour lines on PI. ex, this plate being a portion of the large map of 
the United States compiled by Henry (lannett. The line of the divide, 
as previously stated, has been arbitrarily assumed in various parts of 
the more level country. 

Square 
miles. 

Total area 57,320 

Area under 3,000 feet 700 

Area from 3,000 to 4,000 feet 5,960 

Area from 4,000 to 5,000 feet 14, 660 

Area from 5,000 to 7,000 feet 21, 660 

Area above 7,000 feet 14, 340 

The basin as a whole is among the most elevated in the country, an 
almost insignificant portion, that near the junction of the two branches, 
being under 3,000 feet. From this point the country gradually rises, 
preserving the character of a plain until the altitude of 7,000 feet or 
over is reached, the base of the mountains being at about this eleva- 
tion above sea level. On the northern side of the basin the undulating 
or slightly broken plains, mainly under 7,000 feet in altitude, sweep 
around through the ranges of the Rocky mountains to the head waters 
of streams flowing into the Pacific or into the Great Interior basin, 
and a traveler can pass over the continental divide almost without 
seeing a mountain peak except in the far distance. In the south half 
of the ba«in, however, the Front range of the Rockies presents a bold 
face to the east and apparently blocks advance toward the west. These 
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mountains and those to the rear rise to altitudes of from 10,000 to 
12,000 feet or more, and their peaks are for a ^reat part of the year 
covered with snow. Among these are broad parks whose bottom lands 
are 8,000 feet or more in height. From the North park comes the 
North Platte, from the Middle park the Grand river, flowing into the 
Colorado, and from the South park the headwaters of the South 
Platte. These and other smaller valleys are traversed by many streams, 
and besides furnishing excellent grazing produce large quantities of 
hay. 

LAND CLASSIFICATION. 

Plate ex has been colored to represent in a general way the charac- 
ter of the country. The darker color represents the area upon which 
forests suitable for timber have grown, while the lighter shade covers 
the areas within which trees fit onlv for firewood are to be found. The 
uncolored portion on the western end of the map is the high desert 
region, upon which there is very little, if any, forage. The rest of the 
basin may be considered as suitable for grazing, and in most places the 
soil, if watered, is excellent for farming purposes. 

The total area of the timber land as shown by the map is 5,380 square 
miles; of the firewood, 4,820 square miles, and of the desect area 
a]>out 3,000 s^iuare miles, leaving in the basin a total of 44,120 square 
miles of grazing and agricultural land, this latter area being distin- 
guished by the brownish tint. Within this are spots indicated by a 
dark color showing the relative location of lauds under cultivation by 
irrigation, and along the streams mainly are strips of lighter tint, show- 
ing lands which possibly may be brought under irrigation by a thorough 
utilization of the water supply. 

EXTENT OF IRRIGATION. 

The total area upon which crops were raised by iiTigation in 1889 was 
as shown by the Eleventh Census, 542,602 acres. Of this amount 
412,083 acres were in Colorado, 120,893 acres in Wyoming, and 9,026 
acres in Nebraska. As shown by the map, PI. ex, these areas are 
clustered around the base of the mountain ranges where the streams 
issue from the canyon or broken ground out upon the edge of the plains. 
There are also a few localities further down stream where water has 
been diverted, but these are relatively of less importance, largely on 
account of the fact that little dependence can be placed upon the sup- 
ply of^water during summer. 

As a rule it may be said that wherever water can be obtained and 
brought out at moderate expense upon arable land this has already 
been done. On all of the minor streams of the basin an amount of water 
is claimed to exceed that which ordinarily can be found in them. Cul- 
tivation has advanced to such an extent that during the summer there 
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is not sufficient water available to fill the demands of the farmers. The 
principal exception is in the case of the North Platte, where there is 
always a surplus of water, but which, however, can only be utilized by 
the construction of extensive systems of irrigation. 

The basin of the Platte, especially that of the south branch of the 
river, contains some of the largest irrigating canals in the United States, 
and the development of agriculture by the artificial application of water 
has been brought to a state as high, if not higher, than that of any 
other part of the country, excepting possibly California. In Wyoming 
there still remain opportunities for the development of large systems 
of irrigation, but in Colorado canals have been built at nearly every 
favorable locality and the aggregate capacity of these is so great that 
it is improbable that they can receive water sufficient to supply all of 
the agricultural laud which can be reached by them. 

WATER MEASUREMENTS. 

Measurements of the amount of water flowing at various points o^ 
the creeks and rivers of this basin have been made by the state engi- 
neers of Colorado and Wyoming, and the water supply is probably 
better known than that of any other area of its size. In Colorado some 
of these measurements and continuous computations of discharge date 
from 1884, and in Wyoming from 1887, thus giving in one or two 
instances the spring and summer discharge through eight years. The 
results of the work of the state engineers of Colorado are to be found 

• 

in the biennial reports to the governor of the state, and those for Wy- 
oming in part in the first and second annual report of the territorial 
engineer and also in the first biennial report of the state engineer. In 
addition to these data results of a number of gaugings are to be found 
in reports by Henry Gannett in the Hayden reports for 1876 and 1877,^ 
and also in the annual reports of the present Geological Survey. All 
of these will be discussed in the following pages under the head of the 
various subbasins in which they were obtained. 

PRECIPITATION. 

In this basin and in most of those of the western half of the United 
States there are few records giving the monthly and ani^ual rainfall 
for any considerable number of years. The Signal Service of the Army 
has, however brought together and published all of the data available, 
and from these tables the following condensed statement has been 
obtained.^ The mean annual rainfall is given only for the places hav- 

' U. S. Geol. and Geog. Survey of Coloratlo and adjacent territory, 1876. F. V. ITayden. Washing- 
ton, 1878, pp. 311-347. Also U. S. Geol. and Geog. Survey of the territories of Idaho and Wyoming, 
1877. F. V. Hayden, Washington, 1879, pp. 673-710. 

'Irrigation and water storage in the arid regions, by Gen. A. W. Greely, chief signal officer, Ex. 
Doc. No. 287. House, Fifty-first Congress, second session, Washington, 1891. Climate of Nebraska, 
Ex. Doc. No. 115, Senate, Fifty-first Congress, first session, 1890. Kainfall on the Pacific slope, etc., 
Ex. Doc. No. 91, Senate, Fiftieth Congress, first session, 1888. 
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iug the longest record, stations where observations have been earned 
on for one or two years only being omitted. The order given is, in gen- 
eral, that from west to east. 






r*ar«. Inches. 

Fort Fred Steele, Wvo.. 25 miles below Saratov 12 11U3 

Fort Sanden. 3 miles south of Laramie City. Wvo 9 \'2 9i 

Fort Fettermas, 8 miles above Doagbw. Wyo . . .'. 12 15-OC 

Fort Laramie. Wyo 26 12-W 

Cheyenne, Wvo* 20 11-68 

Fort CoUinn, Colo 19 13*75 

Golden, Colo 12 17*55 

Denver. Colo 22 1432 

Colorado Springs. Colo 20 1479 

Pikes Peak, Colo 15 28-65 

Fort Morgan. Colo 7 8 08 

Fort Sedgwick and Jolesborg. Colo 7 13-80 

Sidney. Kebr 12 14-23 

North Platte. Xebr 15 1SM8 

Fort McPherson. Xebr 13 1766 

Kcdwillow. Nebr 5 21-77 

Fort Kearney. Nebr 17 25-44 



The highest of these stations, that on Pikes peak, is at an altitude of 
14,134 feet, and the lowest. Fort Kearney, Nebraska, is 2,360 feet. The 
other stations range from 3,000 np to 7,000 feet, as shown by the con- 
toured map. It is evident from an inspection of the table that the 
mean annual precipitation over the greater part of the basin is less 
than 15 inches, the amount varying from about 30 inches on the sum 
mits of the mountains down to from 12 to 15 inches at their base. On 
going away from the mountains down the slope of the plains the mean 
annual rainfall decreases for some distance, and as progress is made 
toward the subhumid regions the quantity increases up to 20 inches or 
more. In other words, as is well known, the least rainfall is to be 
found along the western border of the Great plains at a short distance 
from the base of the mountains. 

The distribution of rainfall by months is quite uniform over the basin, 
being similar in character to that prevailing in the adjoining drainage 
basins. By taking data given for the stations above mentioned, except- 
ing Pikes peak, the following table has been prepared, showing the 
mean monthly rainfall of the localities named and the percentage that 
this bears to the total for the vear : 



• 



January , 0-54, 3*5 August 1-65 10-7 

FebraarA- -56 36 September 116 76 



1 

Inches. 1 

1 


Per cfnt. 


0-54 , 


3-5 


•56' 


36 


-«» 


5-4 


1-76 


115 


2-65 


173 


1-90 


12-4 


2-19 


143 








Inches. Per erat. 



Manh g* 54 October •« 61 

April 1-76 11-5 Xovember 57 3-8 

Mav .. 2-65 17 3 December '58 3-8 

Jum:- 

July 2-19 14-3 Total 1531 lOU-0 
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UPPER NORTH PLATTE. 

The North. Platte river rises in the nioiintains partially snrronnding 
the North park in the western end of Larimer county, Colorado, and, 
flowing northerly out of the park, traverses Carbon county, Wyoming, 
its course being a little west of north. Shortly after leaving Carbon 
county the river receives from the west the Sweetwater, which drains 
a part of the southern end of the Wind River range. Irrigation is be- 
ing carried on by the utilization of nearly all of the tributaries above 
the Sweetwater, the water supply being comparatively lai*ge and easily 
available for this purpose. 

The North park is at an altitude of from 7,500 feet to nearly 8,000 
feet, while the mountains surrounding it rise to heights of from 12,000 
to 13,000 feet above sea leveL From these come almost innumerable 
streams tributary to one or another of the three forks which, after trav- 
ersing the park converge at the lower or northern end, forming the North 
Platte. The surface of the park is undulating, but from an elevation 
apx)ears to be quite level. The greater part is covered by native 
grasses, furnishing excellent grazing. The climate, however, is too cold 
for the general practice of agriculture. Small ditches have been dug, 
taking water out of the mountain streams for the purpose of irrigating 
forage, and a<*cording to the report of the state engineer of Colorado, 
over 150 of these have been recorded. The wat<?r supply is large, 
ample for all present ne^ds. 

At the north end of the i)ark the Medicine Bow range on the east 
and the Park range on the west approach each other, the North Platte 
escaping through a narrow canyon between these, finally entering the 
broad valley. Ilere it receives tributaries from both mountain ranges, 
each stream being of value for irrigation. The general height of the 
farming land is a little under 7,000 feet, the altitude at Fort Steele 
being 6,51(> feet and at Rawlins 0,754. The ])rincipal crop is hay, the 
cereals having a relatively small a<Teage. 

Measiu'ements of the amount of water available have been made by 
the state engineer of Wyoming, from whom have been obtained the 
results of various gaugings,* the principal of which are herewith given 
in geograi)hic order. The most southerly or highest tributary meas- 
ured is Bnish creek, coming from the Medicnie Bow range and enter- 
ing the North Platte about 6 miles below the mouth of the canyon. The 
discharge on August G, 1891, at Condict ranch was 34 second-feet. 
Below this on the opposite side are Grand Emnimpment and ("oW 
creeks, the first of which on August 1 discharged 151 second-feet and 
the latter 14 second-feet. The next in order is South Spring creek. 
This on July 24, 1891, discharged at a point about 6 miles south of 
Saratoga 25 seeond-feet, and North Spring creek 15 second-feet. Jack 
creek westerly from Saratoga on July 1 7 discharged 14 second-feet, 

'First biennial report of the Htato engineer to the governor of Wyoming, 1891 and 1892. Cheyenne, 
Wyo., 1892. Appendix, p. xvui. 
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and Pass creek 20 miles north of Saratoga on June 3() discharged 46 
second-feet. The water in all of these streams diminishes rapidly in 
Jnly, and during August there is often s<'arcity. 

There are no measurements available of the amount of water in the 
North Platte in this part of its course, but it is known there is a large 
volume, and if canals can be built heading in or near the canyon and 
Fanning out on each side of the valley, large tracts can be brought 
under irrigation. As it is at present only the lowlands along the 
creeks are utilized, owing to the expense involved in the construction 
of any comprehensive system. 

The Sweetwater river, after leaving the Wind river mountains, flows 
in a general easterly course from Fremont county along the southern 
edge of Natrona county to its junction with the North Platte. This 
river discharges a large i)ereunialsupx)ly of water, the amount of which 
is not known. Little if any irrigation is carried on along this stream, on 
account of the difficulty and exi)ense of diverting the water upon the 
agricultural lands. The side streams, however, like those of the North 
Platte, are utilized wherever this can l>e easily done. On the broad 
undulating plain through which this river runs there are vast areas of 
fertile land lying at an altitude of a little over (5,000 feet. The soil is 
fertile, and were it not for the extreme aridity of the country, would 
lie capable of pro^lucing the hardier <'ereals and crops of gi-ass. It is 
l>os8ible that in the future canals may be built to cover some of these 
areas, but extensive surveys will ])e required before the facts can be 
definitely stated. 

LABAMIE RIVER. 

The Laramie river rises in the Medicine Bow mountains east of North 
park, and, flowing northerly across the State line into Wyoming, 
reaches the edge of the Laramie i)lains. From this point it turns 
northeasterly, crosses the x>lains and, as a rapid, clear stream, flows 
northerly near the foot of the Laramie hills through broad, grass- 
covereil bottoms. A gauging station has been established at Woods, 
giving the discharge of the river as it enters npcm the plains. The 
record kept by the State engineer of Wyoming shows that in 1889, from 
January to March, inclusive, the discharge was practically uniform, 
being about 112 second-feet. The maximum discharge, in June, was 
1,620 second-fei»t, and the minimum, 43 set'ond-feet, in September. A 
gauging on November 6, 1891, gave a discharge of 75 second-feet and 
on June 7, 1892, 1,571 second-feet, the mean velocity being 6'6 feet per 
second. 

The river in its course along the Laramie plains does not receive any 
tributaries from the Laramie hills, and, excepting from the Little Lai'- 
amie, no water enters from the creeks on the west. These latter 
streams, draining the Mediiine Bow range, flow out upon the plains 
into lakes or marshes, where the water evaporates, leaving the smaller 
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lakes at lea^t strongly alkaliue. Thege mountains rise to altitudes of 
from 3,000 to 4,000 feet above the plains, thus giving rise to large 
creeks, while the Laramie hills on the eastern side of the plains are 
relatively but low ridges, rising about 1,500 feet above the bottom lauds, 
and the water from them flows toward the east. The Laramie plains are 
about 30 miles in width, and 80 miles in length from north to south, and 
have an average elevation of about 7,000 feet, the town of Laramie being 
at an altitude of 7,159 feet, according to the railroad levels. In many 
respects these plains, though larger, resemble the parks within the 
Rocky mountains. The plain with its ridges and surrounding bench 
lands is well covered with grass, affording excellent grazing, but owing 
to the climate there is little agriculture carried on, the chief industry 
being stock raising. 

The Little Laramie river rises at about the center of Medicine Bow 
range, flowing easterly out upon the Laramie plains at a point west of 
the town of Laramie. This, as above stated, is the only stream which 
crosses the plains and flows into the Big Laramie. On May 28, 1891, 
as gauged by the state engineer, the Little Laramie at May's ranch was 
discharging at the rate of 562 second-feet and on June 7, 1892, at the 
same place, 618 second-feet. North of this is Seven Mile creek, which 
empties into James lake. On June 6, 1891, this was flowing at the rate 
of 40 second-feet, but by August 28 it was nearly or quite dry. About 
3 miles further north is Four Mile creek, which on June 9, 1891, was 
discharging 25 second-feet. Continuing along the base of the mountains 
for about 8 miles Button creek is reached, this stream losing its water 
in Cooper lake. On June 12, 1891, the discharge was nearly 22 second- 
feet, but by the latter part of August this as well as the two creeks above 
named had become dry.^ A number of ditches have been taken out of 
these streams, most of these being from 1 to 6 miles in length. The 
largest canals are those taken from Laramie river, heading at or below 
the canyon and continuing along the river toward the town of Laramie, 
one of these being over 25 miles in length. The waters of all the small 
streams are being utilized during the summer, and it is probable that 
some of the floods of spring will be saved in order to increase the acreage 
which can be watered during the dry season. A gauging of the amount 
of water in Laramie river at the town of that name was made on Octo- 
ber 5, 1892, at which time there was found only 26 second- feet. This 
represents mainly the excess or seepage water from the canals covering 
land in the vicinity. Twenty days later the flow liad increased to about 
6«'$ second-feet as shown by a measurement made by the state engineer. 

After passing through or around the Laramie hills the river flows 
easterly out upon the Great Plains, receiving about 18 miles above its 
mouth Chugwater creek, which flows in from the south through a broad, 
fertile valley. This latter creek flows northerly along the eastern front 
of Laramie hills, being formed by the union of small creeks which drain 



* First biennial report of tlie state engineer to the governor of Wyoming, 1891 and 1892. Cheyenne, 
Wyo., 1892. Appendix, pp. xvui, xx. 
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this elevated laud. Irrigation is carried on along the stream, the water 
supply being completely utilized, at least during the dry season. In 
the fertile valley of the Laramie are some of the finest irrigated lands 
of the state, producing large cro))s each year. 

LOWER NORTH PLATTE. 

Under this heading may be included that part of the river from the 
mouth of the Sweetwater down to the junction of the South Platte, 
comparatively little water being used from the main stream, as it is dif- 
ficult to divert it. There is, however, a practically unlimited amount 
of arable land along the river, which, except for grazing, is worthless 
without irrigation. The side streams, which come in mainly from the 
south, are completely utilized, and more land would be brought under 
cultivation along the course of each if water could be had. Below the 
Laramie river the principal tributaries are Rawhide creek and Horse 
creek, both of which discharge small quantities of water, except dur- 
ing tloods. Horse creek risesin the I^aramie hills, south of Chugwater, 
the various streams which go to make it up flowing out easterly ui>on 
the plains. On the highlands in this vicinity farming without irriga- 
tion has been attempted with some success, but no dependence can be 
plaeexl upon the crops coming to maturity every year. 

At about the place where the North Platte crosses into Nebraska, and 
at various points below this, are the headworks of large irrigating ca- 
nals, some of them in operation, others in vari(ms stages of construction. 
These cover lands on both sides of the river, the greater number of 
irrigation works being, however, on the south side. In addition surveys 
have been made for great systems, which, if carried out, will involve the 
exi>enditure of millions of dollars. The object in view in these large 
schemes is to mount the blufls bordering the bottom lands along the 
river and thus carry out water upon the plains. These blu£fs rise 
abruptly to heights of 300 feet and over, so that if the project is prac- 
ticable the canal lines must be very long and expensive. The soil, 
however, on the plains is doubtless better than that in the valley, being 
in places less sandy and without an excess of alkaline salts. The val- 
ley or bottom lands along the river are being brought under cultiva- 
tion by irrigation, there being probably a dozen canals already in use. 
In this part of the Platte drainage basin, however, <'orn, wheat, and 
other cereals are usually suecessiiilly raised without the application of 
water. 

The large amount of water available in the North Platte renders 
possible the successful operation of extensive systems of irrigation 
which can be made to cover many thousand acres of fertile bottom land 
even if the blufts can not be surmounted. Measurements of the dis- 
charge of the river have been made at various i>oints by the state en- 
gineer of Wyoming and also by topographers of the U. S. Geological 

13 GEOL., PT. Ill 6 
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Survey. These have l)eeii mainly at Douglas, in Converse county, 
Wyoming, 70 miles or more above the mouth of Laramie river, also at 
Fairbanks, Laramie county, about 15 miles above the mouth of Laramie 
river, and at points in Nebraska from near the state line down to the 
town of North Platte, at the junction of this river with the South 
Platte. The following table gives the results of these measurements: 



Draiua«« ^Dt^h^^ 
Date. I^ality. "^^^^ in secoia. 

miles. ' '**^- 



Jnne 3,1891 
Oct. 13,1891 
Dec. 4, 1891 
Nov. 5,1882 
Sept. 14, 1892 
Oct. 8, 1892 
Nov. 2, 1892 
Nov. 22, 1892 



Douglas, W50 14, fl65 

FalrlMUikH, Wyo , 16,775 

Douglas, Wyo I 14,6«5 

do 14,666 

North Platte, Nebr 28,250 

Camp Clarke, Nebr 25,267 

North riatt«-, Nebr 28, 250 

do 28,250 



10, 130 
579 
807 
595 
770 
335 
1,070 
1,370 



These gaugings show that diuing the latter part of the yeiir the dis- 
charge may fall below 600 second-feet, but even with this minimum 
quantity canals of considerable size can be successfully optTated, espe- 
cially if they take water from points along the stream at distances of 
from 10 to 20 miles from each other. The channel of the river and the 
adjacent low lands are undeHain by per^ious sands and gravels con- 
taining large volumes of water, and even if one irrigating system takes 
all of the available water at a given point it is probable that at a dis- 
tance of 10 miles or more below there will be found flowing a stream 
of considerable size due to the return of the ground water to the sur- 
face. The gaugings of this river made by Mr. A. M. Vjin Auken, men- 
tioned in the preceding report,' doubtless giva an exaggerated idea of 
the low- water discharge, and in the light of later oDicial measurements 
are considered to be misleading. The observations of river height 
made by him serve, however, to illustrate the relative tlu(*tuations of the 
river and are therefore given in the accompanying diagram, Fig. 67. 

SOUTH PLATTE, ABOVE DENVEK. 

The South Platte heads behind the Front range of the Rocky moun- 
tains, its upper waters coming from the S(mth Park,* which in many 
I'espects resembles the region from which come the higher tributaries 
of the North Platte. The Park range, rising to heights of 13,000 feet 
and upward, on the west and the Colorado Front range cm the ea.st 
receive a large amount of snow during the winti'r, which, melting, 
feeds numerous small streams flowing into the park. The altitude of 
the valley lands ranges from 8,000 to 10,000 feet, and, as a consefiuence, 
only a few of the hardier cereals can be raised. Various k iiids of grass, 
however, grow luxuriantly, especially if water is ai)plied during the 

• Twelfth ouniial roport »f IT. 8. G«h>1. Survey, i»t. 2, Irrigation, |»p. 2:i9, 240. 
» U. S. Geol. and Oeog. Survey Terr.. Uuyden, IK76, pp. 32:j-:tt*<. 
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dry season. .VioDg each of tbe Ainall streams, wherever ditches can be 
Kui-ce!<sl'ully l<M-ute<I at small nxiKDse.JirigatioD Ih being carried on and 
large crojiK of liiiy are obtained. 

Tlie water supply of tlie 8<iiitb park is relatively large and in freely 
used opoD the hay laiid^. lu a few instances the uomber of ditches 
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has been so greatly iiici-east'd that tbi-rc in scan-ity during the dry sea- 
son, and it is possible that attempts will l>e made to obviate this by 
tbe coostructioii of reservoirs. In view of the great and increasing 
deflcieucy of water farther ilowt^ tbe stream it seems imperative to 
atilize all possible methods of saving water in these elevatetl regions- 
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The tributaries of the South Platte in the park flow iu a~geuerul 
south eaetei'ly direction, then turn toward the north aud pass out in 
deep canyons through theFn>ut range. A few measurements of these 
Btieani.s were made in 1S7G by topographerti of the Haydeu survey. 
Thci^e show that on Jnl^- 3 the Middle fork of the Soutli Platte, at a 
point about (> miles belon' Faii'play, discharged- 3$8 secxind-feet, aud at 
Hiirtzell's ranch, above the uioulh of the Little Platte, iin Juue 29, the 
discharge was 3G7 secoud-feet. Further down, below the mouth of 
Twin creek, the discharge, on June 23, waBl,015second-feet,and at the 
foot of the canyon, on September 8, was 1,400 seeond-feet.' A continu- 
ous I'ecord of the height of the water flowing in the river was begun 
by the state engineer of C'olora^lo' on July 12, 18S7, at a station near 
Deansbury in the canyon of the river, about 20 miles above Denver, 
aud where the drainage area is 2,600 square miles. The results of the 
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computations of daily discharge an> shown in the tables, ]>. 93, and 
ai'e gritphically given in Fig. 58. 

Beginning at aud below the canyon and extending down toward 
Denver are several canals which in size rank among the first in the 
United States, The most extensive of those is that of the Xortlieru 
Colorado Irrigating Company, commonly known as the English High, 
line. This extends northeasterly from the river, covering land south 
and east of the city, and having a total length of 85 miles. Other 
canals of less size and length carry out water from the river on the 
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Bam« side below thiu and also od the western edge of the valley. Id 
the aggregate the capacity of these canals exceeds the discharge of 
the river, and the question of distribution of water iu the diy season 
becomes a matter of first importance. As a result of scarcity of water 
there have been losses of crops, the yield )>er acre being in some years 
ODe half or one-fourth that of seasons iu which water was plenty. 

Below the mouth of the canyoQ the principal tributaries on the west 
are Dear and Bear creeks and on the east Cherry creek, the latter 
draining a part of the relatively low divide between the Arkansas and 
Platte. Along each of these streams ditehes and canals have been 
built, utilizing the available water, the capacity of the ditches being in 
excepts of the summer flow. The discharge of Bear creek, at a imint 2J 
miles above Morrison, ranges from 20 to 200 second-feet, averaging 
about 50 second-feet, the drainage area being 111 square miles. The 
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discharge in general follows that of the ueighborinp streams and a dia- 
gram of the floctuations do«'s not materially differ from those given for 
other creeks. 

One of the earliest measnremerita of the amount of water in the South 
Platte at Denver is that made in December, 187C, giving 492 second- 
feet.' The total drainage area at this place is 3.870 s(fuare miles. A. 
second measurement, made abont 2 miles above Denver, during low 
water gave 204 second-feet. Compntations of the daily discharge of 
the river at a station at the foot of Twenty-first street, Denver, have 
been carried ou ))y the state engineer, the resnlts nf these being shown 
by Fig. .->9. 

■ r. 8. r,™l, >nd r,«x. Sarrfy Terr. Hnydcn. Kit. rtpl of H-nry Ouutl. p. 3W 
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CACHR I,A POIBRE AN» OTHER l^BEBKK. 

KlOow Denver tlie ttouth Platte gradiiitlly treiidit farther and farther 
from the mouutaitis, and the creeks Howiiig into it from the vest trav- 
erse a wider strip of vulley land tlie farther they are to the north. The 
first stream of importance beUiw l>euvcr is Clear creek, and north of 
that in order St. Vrain creek, Thompson creek, and Cache hi Poudre, 
thii latter being the largest. MapK showing the lower courHes of these 
streaiuB and the canaln taken from them have been publitthed in the 
fourth and fifth bieniiual reiwrts of the stat^- engineer of Colorado, and 
a glance at these shows the large number of canals niid ditrbes lead- 
ing out apparently In the most confusing manner. As a role it may 
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be said that along all these streiuns, as well an the main river, the 
aggregate capacity of the irrigating wystems is so great that^not all of 
them can receive snlHcient wat^r, and as a consequence only a imrtion 
of the cultivated lands can he thomughly irrigated. 

The earliest records of wah'r measurement on Clear creek are those 
qnotod in tin* Uayden report lor 187(i,' giving the fiood discharge at 
<ioldeii City on June 1!' of l.Tti-l second-feet, on August '27 of 536 ««'- 
ond'feet. and on September d of -Mi second-feet. In August, 18S7, a 
]>ermanent station was established in the canyon at a point about 7 
miles above (lolden, being thu^ above the liewls of irrigating ditches. 
The areadnuiied is ^t^ti^ stjuaie mi>es. From the n'conls kept by the 
state engineer the diagram. Fig. GO, has b(»n prejtarcd, showing the 
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daily discharge during the ftdl of l>iS~ and the greater part of 1888. 
The most ootable feature on tliis plate is the great discharge on Aagnst 
1,1888, when for two hours the river flowed at the rate of 8,700 second- 
feet, accordiog to the computations of the state engineer. This is 
typical of the extraordinary floods which may happen at any time, espe- 
cially daring the sauinier Heaxou, on almost any stream of the arid 
region. These short, destraGtive floods are cansed by what are locally 
known as cload- hursts, immense tiuantities of water being precipitated 
over a very small area. Floods of a similar character can be seen on 
many other diagrams of discharge, the relative increase of water, how- 
ever, being usually les-s. 
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There arc fully twfnty-flve canals and ditches of notable length tak- 
ing wnter from Clear creek below the canyon, one of these, that known 
as the Agrii-altnr.il ditch, extending around east and south of Denver, 
while others covtr lower lands nearer the stream and follow down along 
thr west side of the South I'hitt*'. 

Boulder creek, one of the principal tributaries of St. Vraiu. is the 
next stream of im[>ortunce north of the catchment area of Clear creek. 
Two gauging stations have been established by the state engineer of 
f.'oiorado, one on the South Boulder, the other on Xorth Boulder, the 
latter being about 4 miles above the town of Boulder. The drainage 
area is 10*2 scjuare miles. The n-aults of the observations at this latter 
place are shown in Fig. HI . Tlii.-i exhibits among other fact.-* a suddeo 
flood occurring in August. 18941, at which time the discharge reached 
.1,2<KI second-feet. The diagnim of discharge of the South Boulder is 
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BO similar b> otbei-pt given that it does iiot eeeui desirable to reproduce 
it-. The gaagiii;; Ktatiuu nu St. Vraiit cmek, vBtablished in Augast, 
1887, is located iibout a ciuaiter of a mile below Lyons at a jioint below 
the junction of tlie North and South forks, the area drained being 209 
square miles. Results obtained at this plate are shown on Fig. 02, 
which in most reflpects is similar to those previously given. 

Big Thomp3<in creek, which furnishes water for the lands in the 
vii-inity of Loveland.ls in order toward the north the next stream whose 
discharge has been measured. T)io gauging station is about 10 miles 
west of Lovcland, being thus, as in the case of other creeks, above the 
beads of irrigating ditches. The drainage area above this ])oint is 305 
square miles. Fig. fiS, showing the discharge for portiooB of the yearo 
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Flo. 02.— UUktsiu of d^ly dJH-barRe of .SI. VralB i-reok. Colorado, 188T to ISM. 

1887 to 1890, inclusive, has been iireparcd from data contained in tbe 
annual reports of the state engineer. This diagram shows a sudden 
flood occurring about ttni days earlier in the seasou than thaton Boul- 
der creek. These floods, although not discharging what would be con- 
sidered a large amount of water if distributed during w^veral days, come 
with such sudilen violeiK-c that they often carry out britlges and the 
liead works of canals, resulting in Iohs to the farmers, from the fact that 
before repairs of irrigation workscan be made a large part of the crops 
may be withered or c<implet*'ly burned by the heat of the sun. 

Cache la Pondre creek is the lowest tn* most northerly imiiortaut trib- 
utary of the Simth Platte. The i>oint at which itenters tbe main river 
is marked by auabmpt change in direction, the river, which np to this 
place has been flowing in a general way toward ttie north, turning 
toward the east in its trimrse across the <ireat Plains. Cache la Poudre 
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creek receives its waters mainly from the eastern side of tbe Colorado 
Fark range, some of its tributaries risiug near tlie headwaters of tbe 
North Platte and Laramie. It also reeeive.s small streams from the 
eastern slope of the Laramie bills not far from Cheyenne. Tlie water 
measnrenients on tliis creek have been made at a place about a half 
mile above the month of the canyon and 12 miles above Fort Collins, 
being below the junction of tbe North and South forks. The discharge 
at thishicalttyfrom ISM to 1800 is shown graphically on PL lxv of 
tbe twelfth annual report.' From this creek are taken large canals, 
covering land in tbe vicinity of Fort Collins and Greeley, the latter 
place being the locality where systematic irrigation on a large scale was 
first tried in the state. 
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Besides the canals an<i ditches taking water from these streams there 
are a number along tlie South Platte itself, ntilizing the supply which 
e«-ape8 into the river as suri>liis or seepage. The head works of these 
are located at distances of from 1 to a miles from each other, and 
although at one pla4-e the channel may be almost diy. yet at some dis- 
tance belo* there is sufficient water to partly fill at least one or other 
of tbe ditches. Crops can rarely be produced without irrigation in 
this part of the Platte basin, about the only exceptions being Iwttom 
lands kept moist by seepage from canals above them. In a few in- 
stances these lower lands receive such a quantity of seepage water that 
they have been couvertetl into meadows or even into marshes. 

Tbe development of irrigation and the rapid increase of area under 
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cultivation have taken place to an entent su(*h that, as previously 
stated, the water supply is inadequate to fill the demands made upon 
it. As a method of relief the farmers have undertaken the construe- 
tion of reservoirs near the foothills, storing some of the flood waters of 
spring. The feasibility of larger systems of this kind in the parks and 
small valleys among the mountains has been often discussed, and 
movements are slowly being made toward the realization of storage 
projects. Tliere are, however, many difficulties surrounding the con- 
stniction of suitable retaining walls and tlie recovery and distribution 
of the waters, which as a matter of course must be brought down to 
the canals below in the channel of the stream, and in many cases past 
the head works of a large numl)er of irrigating ditchers. Without such 
methods of increasing the summer flow of the stream there can be little 
hope of extending the irrigated a<;reage except by more careftil methods 
of applying water to the soil and by greater thoroughness in all other 
agricultural operations. 

SOUTH PLATTE BELOW GREELEY. 

After leaving the junction of the Cache la Poudre the South Platte 
flows eastward and then noitheasterly through arid plains toward the 
subhumid regions. In the eastern end of the basin near the junction 
with the North Platte, the rainfall is sufficient for many of the cereals 
if these are properly cultivated. Imgation, however, is essential for 
the i)roduction of vegettibles and fi*uit, especially on the lower gi*ounds, 
and even in rainy years can be i)rotitably employed by the farmer. 
Developments in this direction, however, have been retarded by the 
scarcity of water, the difficulty of diverting it, and the fact that the 
settlers can often make a living ]»y what is called '* dry farming.'' 

In eastern Colorado the South Platte is often dry during the summer, 
there being, however, a small amount of water seeping through the bed. 
Irrigating dit^'hes have been taken out on both sides in Weld, Morgan, 
and Logan counties, irrigating lands near the stream. These obtain 
ample water only during spring HckhIs, and having once saturated the 
laud can obtain little or no more during the summer. This one water- 
ing under favorable circumstances may suffice, but there is danger of 
loss of crops later on. The streams which flow into this part of the 
river are usually dry and at times become torrents, so that it is almost 
impossible to utilize this irregular sni)ply. 

On tlie highlands drained by streams flowing from the north or fi'om 
the south agriculture has been attempted, but owing to the scarcity of 
rainfall has not been on the whole successful. Stock-raising is stilN 
and probably will be the principal industry. A few farmers, coming 
without experience in methods adapt-iMl to a dry (»ountry, have tried 
year after year to raise a crop, but without success, and finally, having 
lost everything, have been compelled to go elsewhere. There is bitter 
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complaint that iu the i>ast unscruiialons i)er8on8 have taken advantage 
of eastern farmers and have induced commnnities or colonies to settle 
upon lands absolutely arid and without meansof water supply, or have 
built extensive canals in the river ^^^lley, selling water rights which 
are practically valueless. 

A few irrigating ditches have l>een dug along the South Platte in the 
vicinity of Ogallala, Nebraska. These receive water at the time of the 
spring floods, but during the summer the channel is usually dr>' and no 
water can be obtained except that which seeps from the pervious beds, 
an amount too small to be of any considerable value. As previously 
mentioned, hopes have been entertained that by means of deep drains 
extending above the heads of these ditches a large amount of ground 
water could be had at all times. Large sums of money have been ex- 
pended in the construction of these so-called underflow canals, but the 
quantity of water obtained has at best been small relative to the ex- 
pense incurred. 

Much of the land in the vicinity of the town of North Platte is irri- 
gated by a ditch from North Platte river, covering the long, narrow 
area between the north and south rivers. This locality may be con- 
sidered as the most easterly in the Platte basin at which irrigation is 
regularly practiced. Further to the east, in the vicinity of Gothenburg 
and Kearney, are canals construct^^d for water power, frt)m which it is 
proi>osed to obtain some water lor irrigation, but the development of 
this method of agriculture in a relatively humid region is usually slow. 
In this, the western, part of Nebraska there are a number of streams 
which will undoubtedly be used at some future time for irrigation, es- 
l>ecially after the results obtained along the North Platte are more 
widely known and appreciated. Most of these creeks and small rivers 
flow throughout the year, being fed by springs. On the north side of 
the North Platte in Nebraska are several such streams tributary to the 
river and so situated as to have many natural advantages for easy diver- 
sion of the water. Among the most important of these are Blue and 
Birdwood creeks, both of these being remarkable for the uniformity of 
discharge throughout the year. The (|uantity of water in Blue creek 
was measured on November 5, 1892, and found to be 105 second-feet. 
Birdwood creek on September 24, 1892, was discharging at the rate 
i)f 126 second-feet. Besides these mentioned are other creeks of smaller 
size, having a low water flow of from 3 to 5 second-feet. 



TABLES OP MEAN MONTHLY AND ANNUAL DISCHARGE. 

These tables give in cubic feet per second the average discharge by 
months of tiie principal streams measured by this Survey. Some of 
these figures have already appeared in connection with other data. 
The arrangement is that generally adopted in this report, beginning 
with the head waters of the Missouri and taking the various streams 
in their order toward the south, then those in the Eio Grande and 
Interior basins, and finally the rivers flowing into the Pacific ocean. 
There are also included a few computations of monthly discharge made 
from dataobtafned by the state engineer of Coloi'ado. 

The following symbols are used to denote that the observations have 
not been continued throughout the month : {a) Observations on twenty 
days and upwards, (b) Observations on from ten to nineteen days. 
(c) Observations during less than ten days. 

WEST GALLATIN RIVER. 



[Gftugiog station below mouth of SpaniMh crtiek, about 20 miles soathwesterly fh>m Bozeman, Mon- 
tana. Drainage area, 850 square miles.J 



Year. 



1K89 
189U 
1891 
1892 



Means . 



Jan. ' Feb. Mar. , Apr 



Mav. 



June. July. 



Aug. Sept. 



Oct. 



I 



8fe/t. Sre/t. Secyft. bec/t. S^,\/t. S^e/t.Sec.ft.SeeJt. Ser^. 8w/t 



I I 

•3201 *32t>'(f)326l 4ft>| 2,092 
*400; *400 *irA)\ •5001 1.897 
430 429 4001 *450i 1,488 



383 



38:^ 



:t90; 470 



1.825 



2.641 1.388 
2.516 1,534 
4.163 2.544 



(6)426: 
761 
761 
9.'i7 



3,106 1.488 



450| 
607, 
5831 
734! 



402 
591 
587 
743 



726 WA, 580 



Nov. 



Dec. I 



An- 
nuaL 



See^. See^. Sec. ft. 

*400 •400 

506 »450 871 

501 434 880 

589 549 1, 123 



499 



459 



908 



MADISON RIVER. 

[(lauging station below Hot Springs r.roek, 4 miles from R«h1 Bluff, Montana. Drainage area, 2,065 

square mil«>s.J 



1800 
1891 
18il-J 



*1.200*l,200l-1.200al,620 4,823.4.977 2,518. 1.5:»l 1,466 

I 1,406 1,436 1,631 1,774 3.389, 4.167 2.045. l,42tt| 1.309 

1.3051 l.m\' 1,488 1.295 1.454' 4.900 3.22.'>| 1.319 1.360 



1.4981 1,380 1,400 
1,3511 1,400, 1.137 
1.3271 1,424| 1,324 



Means...., 1.303 1,380 1.439 1.56.3 3.2224,681 2.596 1. 4W 1, 378 j 1,39.: 1,401 1,287 

I I 



2,068 
1.872 
1.844 



1,928 



square miles.] 



MLSSOUKI RlVKi:. 

[(!aufj:in^ station dnriuK 1889 at Canyon fcrrx . Moutanu ; drainage area, 15.036 square miles, (taug* 
ing station (luring ISO*) and 1891 at (Yaiu, Montana; drainage area, 17.615 

_.__... ___ _ ....._ .. 

1889 1. 873 2. 230 2, .Wi *2, ."WO 

IKiMi '3. <)00 *3. (KK) *\\. 000 M. WJ2 10. 472 10. »»74 5. 020 2. 216 9, 232 2, 379| 2, 868 2, 763 4. 307 

1891 2. iM57 r^ .'iOO *4. (HK) 5.794 9. Ol.'> 13, tVI.I 9.1 If) 4.415 3.078 3. 511 3, 802 *3, 200 5,503 



Means 2.983 3. 2,50 3. .'VOO .'i. 2--»8 9.743 11.859 7.067|3,315 2.394 2.706 3,057 2.821 5.229 



Estiniafi-d. 



92 



> 
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SrX RIVER. 
[Gauging statiun at Augasta, Montana. Drainage area, 1,175 sqiiarv miles.] 



Tear. Jan. Feb. ; Mar. Apr. May. :Jnne. 



Seejt. Seejt. Seejl. &eejl, See/i 

1889 

Ig90 -175 • 175 * 175 371 2.80412.3421 



■Ananal 
July. Ang. Sept.! Oct. Nov. ^>^' .^\^ 

I ber. 



6eejt. SeCyft. See/t.iSee.ft. &eejt. See^t. S^c.fL 

(a>213 214 300 191 -175 

961 371 304 315 322 267 715 



Mean« 175 175 175 371 2.804 2.342 961 292 259 257 256 221 091 



YELLOWSTONE RIVER. 
[Ganging station at Horr, Montana. 4 mil<« below Cinnabar. l>rainage area. 2.700 square miles.] 



1889 61,660 1.270 976 743 '650 

1890 •SSO '550 6585 1.417 7.52210.086 7.682 4.375:2,276 L473i 970 695 3,181 

1891 488 *500 316 1,086 5.22^ 7.502 6.135 3,442: 1.641' 1.264 891 475 2,421 

1892 •SOU 570 n3 664 3. 544 H. 201 10. 180 4.931' 2. 8u8 1.555 952 -gUO 3.202 



-^- 



Means 512 510 538 1.054 5.431 9.625 7.999 3.600: 1.909 1.316 889 655 2.846 

I : I . 



SOrXH PLATTE RIVER. 

(Gangini^' station at Deansbnry. Colorado, below junction of north and south branches. Drainage 

area. 2,600 square milea.] 



1887 






1 






•550 
311 
324 
520 


550 


1888. 
1889. 
1890. 




.. .f 


.... '250 296 
'1:5 


487 
478 
391 


552 
460 
403 


282 
211 
56? 




Means... 












.... 250 235 


452 


471 


428 


396 



394| ^aoo 

179 MSO 323 

129 180 297 

196 172 1 374 



224 175 329 



NORTH BOrLDER CREEK. 
[Ganging! station 4 miles above Boulder. Colorado. Drainage area, 102 square miles.] 



1887 mo 80 -60 

1888 81 164 261 210 157 80 ^60 156 

1889 '400 5« 277 97 54 36 235 

IdH" *250 341 258 173 56 33 185 



.L. 



Mean.H 81 271 389 248 134 62 47; 176 



ST. VRAIX CREEK. 
[Gauging* station one-fourth milf below Lyons. Colorado. Drainage area. 209 square mile.n.] 



1887 "150 109 '70 109 

18c8 ; 72 156 830* 208 133 56 ^50 153 

liv.9 1 •400 871 197 102 44 39 192 

1J*9U i ^300 436 292 179 66 45 219 



Means 1 72 285 .175 232 141 68 51 175 



BIG THOMPSON CREEK. 
[Gauging' station 10 miles west of Loveland. Colorado. Drainage area, 305 square miles.] 



1888 62 IK 438 275 190 75 '50 196 

1889 *2^ 382 200 89 49 46 169 

1890 "400 530 454 393 151 67 332 



Means 62 2«iO 436 .109 224 91 54 208 



• Estimated. ' Data from state engineer of Colorado. 
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CACHE LA POUDRK CREEK. 



[Gftuging atation' at Fort Collins, Colorado. Dniinage ar«a, 1,060 H4|iiarti uiiloH.j 





Year. 


1 
Jan. . 

1 


Feb. Mar. ; 


Apr. May. Jun«. 


July. 


Aug. 


1 
Sept. 


Oct. ! 

1 


1 

Xov. 


Dec. Anuual. 


1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 


•••••••••••• 


Sec/t.Sec/t. See/t. 
! 667 

.[.v.. ...v.. ...... 

"isii'm' '*46 

82 79 85 
92 79 50 

64! 119 80 

1 


Ser^t. SeCyft. SeCyft. . 

219 2,537. 4.812: 

0447 1,419 2,910 

rt405 1.309 1,875 

'200 61,H22fcl,401 

181 483 1,1131 

113: 649 1.3J8' 

200 1.0441 1.280' 


Hee/t. 
2. 144 
1.857 
717 
735 
420 
514 
649 
541 
741 


Sre/t. 
792 
656 
338 
307 
213 
187 
287 
228 
'200 


SeCyft. 
306 
27:* 
185 
175 
109 
67 
103 
138 


"1 
SeeJt. SeCyft 

6203!!*.!.. 

129 

*120 

*90, 

69' 88 

80 61 

118 83 


'" 64 283 

70 335 


1891 . 
1892 




144 1.221 
100 '230 


1,900 
1.512 


79 390 




Means — 










97! 


96 69 

1 : 


223 


1.193 


2. 016 


924 


357 


160 


127 


78 


71: 452 



ARKANSA.S KIVEH. 
[Gauging station' at Canyon <'ity, (-olonulu. Drainage aroa. 3,060 square niilfM.] 



1888. 




I 

*400 


*500 

*300 

363 

493 


*600 

•300; 

.120 

5H6< 

5241 

1 


1,000 1,440 2,<HK> 1,3.'V0 
300 600 1,374 602 
477 2.090 2,611 1,571 
857; 2 012 3. 291 1. 408 
622 1.241 2,787, 1,798 


932 
.'{40 
070 
951 
769 


605 
220 
319 
473 
435 


•500 
223 
531 
624 
611 


♦500| 
299! 
622 
498 
527; 


*4oo! 

.335 
502' 
476 
561' 


860 


1889. 




*300 
310 
431 
496 


4:i3 


1890 


874 


1891 . 




1.012 


1802 




889 




Means 








387 


426 
station' 


466 
atPu 


631 


1,477 2,430j 1.357 


732 
» .ireu 

i,"48i 
1.717 


460, 477 
4.600 Hqiiuro 

1.372 "•806 
1,129 *800 


469 

1 

1 

uiiles.J 

"♦666," 
*600 


456 

1 

'*4o6' 

•400 


813 




[Gauging 


eblo, Colorado. l)rainag« 




1885. 









1 

1,069| 3,187 

3.0461 .'i.iUlO 1.724 




1886 


*400 
•400 


•500 
*400 


•600 
♦500 


•600 


1,441 


1887 


•600*2. ."kX) 3.477 3.352 


1,323 




Means .... 






400 


450 


550 

1 


700 


2,205, 4,078 2,538. 


1,399 


1.I'.50 


800 


600| 


400 


1,298 



RIO (;rande. 

[Ganging station' at Del Norte, Colorado. Drainage area. 1,400 square miles.] 



1889 














278 
470 
844 
259 


! 
319 

478 

374 

360 


281 

565 

*325 

922 




1890 


552 

990 
•300 


796 

1,294 

•300 


487 913 4,331 3.807 \,fi\b 

1.280 1,410 3.286 4.146 l.G9:{ 

316 1,047 2.fl<»5 2.1871 740 


612 
663 
444 


383 
527 
262 


1.242 


1891 


1.403 


1892 


812 






_ 




Means .... 


614 


797 


661 1.123 


3,407; 3,379 1.3161 

! 1 


573 


391 


4.i. 


1 


523 


1,135 



[Ganging station' at Kmhudo, New Mexico. Drainage area, 7,000 squart* miles.] 



1889 431 

1890 437 

1891 586 

1892 497 

MeanH 488. 



473 
563 
616 
506 



7H4 2,261 3,430 2.922 471 

682 2.083 4,960 4,107 1,393 

917 2.370 .').90:.i 5.040 2,356, 

1.051 2.979 4,890 3,146' 538 

:i 











~ 




206 


212 


283 


366 


542 


1.032 


814 


545 


562 


616 


648 


1,467 


933 


469 


1,681 


778! 


563 


1,856 


191 


152 


202; 


317 


324 


1,240 



359 858 2.423 4,811i 3.804 1.21*9 536 345 682 320 517 1,309 

I'll 



[Gauging station' at Kl Paso, Texas. Druiuap* area, 30,0<n) sqnare milm.] 



1889 
1890 
1891 
1892 



196 
451 
326 



290 424 2,190 



3,116 2,638 2:i7 

5,771 4,404 834 

809 1,866 4.26511,862 6,714 2.271! 

476 752 3.147 7.093 2.943' 668 



734 176 65 284 

662 768 1,488, 341 

13 



71 

535 1.327 

344 2,633 

1.285 



Means 324 

* EMtimafifl. 



525 1,014 3.201 6,958 4,175 1. OO8I 352 



2361 



388, 156 238; 1,548 



' Data ill part from Htate engineer of Colorado. 



\ 



xtwELL.] DISCHARGE OF ARIZONA STREAMS. 95 

GILA RIVER. 
[Gauging station at Buttes, Arixona. l>niina;;:e area. 13.750 M|uare mile*.] 



Year. 


Jan. Feb. 3Iar. Apr. May. Jane. 


Jaly. Aug. 


Strpt. 

1 

128 


<><t. 

Set./t. 
157 


Nov. mrr. Annoal. 


1889 


Secjl. See/t. ikejl. Seejt See/L SerJt^SeeJt. Secjl. 
11.1 


Sec.p. HecJ^t. Sff. ft. 
212 275 


1890 


680 578 387 238 87 28 


130 3.137 








Means .... 


680 578 :i87 238 i»7 28 


130 1.626 


128 


157 


212 275 377 



SALT RIVER, 
[(ranging station* at Arixona dani. Arizona. Drainage ar^a. 12.260 square miles.] 



1888 .... .... *350 *350 331 842 6, 698 

1889^!.-.^...... 5,'»4f iouS 8,745 i»75 1.0»^^^4^^ 417 521 440 576 5. 686 2, 576 

1890 4,98210,007 6,421 1.H40 914 511 524 3,885 2,339 2,768 4.717 6.259 3,771 



Means 5.46 6,351 7.58:{ 2.908 977 401 510 1.551 1.07i» 1. 179 2,045 6.214 3.074 

! I ■ : 



PROSSER CREEK. 
[Ganging station at Boca. California. DraiuaK** area, 55 square milf s. • 



1889 '100 250 110 17 3 2, 

1890 340 817 580 382 102 57 42 38 



Means 220 538 345 200 53 30 42 :« 183 

_l . !__ _■ ._J ■ 

LITTLE TRUCKEE RIVEH. 
[Ganging station at Boca, California. I>rainage area. 186 square miles.] 



189H 958 1.998 1.491 749 200 97 M6 



TRUCKEE RIVER. 
[Ganging station at Bora. California. Drainage area. 887 square miles.] 

18»it 637 2,7515.275 4.291 1,870 736 513 555. 



I 



[Gauging station at Vista. Nerada. Drainage area. 1,519 square miles.] 



1890 4,496 5.980 4.162 2,198 952 682 742 765 7.50 

1891 '700 '650 *650 1, 523 2. 765 1. 905 945 485 566 561 603 508 980 

1892 593 505 723 854 937 ' 



Means.... 647 578 687 2.291 3.231 3,034 1,572 719 620 652 634 029 1.275 



EAST r'ARSc)N ri\t:r. 

[Gauging station at Rodenbab, Nevada. Drainage area, 414 square miles.] 



189«) 1.026 2, »4 2,430 1.789 WI 415 386 384 379 

1891 38X 402 783 452 1. 445 1. 328 618 406 388 385 385 438 619 

1892 390 388 422 478 1.226 1,158 506 413 414 416 414 1.097 610 



Means .... 389 395 603 652. 1.775 1.639 971 473 406 396 305 638 728 

■ _ _ • I I 

* Eatimated. > DaU from Samuel A. Daria, C. E., Phcenix. Oregon. 
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WATER SUPPLY FOR IRRIGATION. 



WEST CARSON RIVER. 
TGauginj^ Htation at Woodfords. Califomia. DrainaK^ area, 70 square luiloa.] 



Year. 


i 
Jan. Feb. Mar. 

1 


Apr. Mav. June. July. Aug. iSept. ' Oc-t. ; Sov. Deo. 

1 ' > 1 


Annual 


1890 


See^. 


1 1 . 1 ; 

See/L\S€e/t. 8ec/t:.See/L SeeJt. Sec/t. 8ec/t,See/t.8ee/t:s*€/t.[Seeyft. 
1 284 657 614 :i«0 135 75 67 49 53 


Sec. ft. 


1801 


52 
45 


48 61 

46 65 

1 


127 534 338 130 65 41 48 43 47 128 


1892 




! * , * 


Meant) 


49 


47, 63, 206 596 476 255 100 58 58 46 50, 107 

1 ' i ; i 1 1 : i 1 



BEAR RIVER. 
[Gauging Atation at Battle Creek, Idaho. Drainage area, 4,500 square miles.] 



1889 
1890 
1891 
1892 



Moans. 



I 



875 809 1.271 2.978 5,199 4,074 
690 780 790 1.623 2. &V2 2,245 



I 



355 
1,582! 1.000 8431 854 



487 505 

783 748 1. 751 



800 855 1.304 



1,288; 835 798 98(i 957 1,063 1.224 



788 815, 1,122 



1,824; 2.710 4,446: 2.345 1,025 793 780 687 



2,142' 3,520 3.588, 1.738 954 812 742 728 



880 1.537 



812; 1,480 



[Gauging station at CollinMton, Utah. I>raina;;e area, 6,000 nquaro miles.] 



1889. 
1890.. 
1891. 
1892. 



Means. 



*1,500 



t 



*800 362 417' 509 728 848 
♦1.000 3,188 4,953 7,924, 6. 2:M 3,250 1,754 1,344 1,544 1.403 



1,000 1.308 1,766 2,729 4.5a» 3,505 1,562 938 986 1,235 1,262 



1.395' 

1, 243: 2, 945 
1,216 1,847 



1.202 1,209 2,037,2.397 3,869|5,660 3,037 1.195 1.000 1,131 1,195' 1.235 2,097 

' ' I 



1, 234, 1, 172| 2, 330; 3, 360 5, 454 4, 072 



2,05i; 1.076 960 1.135, 1,180; 1.272i 2,108 

I ! i I ! I 



OGDEN RIVER. 
[Ganginfi^ station at Powder MiUn, Utah. Drainage area, 360 square miles.] 



1889 
1890 



Means 



382 680 



978' 1.449 



1.H18 



910 



I I 
.... 50 52 89 105 421 

458 312 206 265 255 *240 663 



I 



382 680, 978 1.449 1,H18 910 458 ISl 129 177 180' 331 



639 



WEBKU RIVER. 



[Gauging station at Uinta, Utah. Drainage area, 1.600 square mil(».] 



I 

Iggi) , 














181 
331 

240 


1 
208 
298 
573 
357 


430 
200 
534 
476 




1890 

1891 

1892 


457 
.303 
599 


547 
461 
695 


1,091 
625 
800 


2,184 4.528 2,017 

l.T^Yi 2,752 1.621 

JKX) 2,705 2,867 


549 
844 
819 


280 

wwa 

239 


265 
402 
187 


1,070 
880 
907 


i 


453 


568 


839 1,529 3.328; 2,168 

1 


738 


280 


285 


338 


350 

i 


482 


944 



AMERICAN FORK. 
(Guti^i^iu^ station at brid^o above town of American Fork, Utah. Drainage area, 66 square miles. | 



1889 










' 




38' 


30 
1, 


1 
33 


30 


I 
67 


1890 


tJ2 


72 


117 *380 


•666 


♦208. 


•45.. 


....j 










1 




Moans 


' 62 


72 


117i :wc 

1 


066 


208 


45 

1 


38 


30, 


33 

1 


^1 


67 146 



♦ Estimated. 



N 



IIBWEU.] 



DISCHAKGE OF UTAH STREAMS. 
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PROVO RIVER. 
[Gauging station In canyon above Proro, Utah. Drainage area, 640 square miles.] 



Year. 



Jan. Feb. Har. Apr. May. Jnnd. July. Aug. Sept. Oct. Nov. Dec. Annoal 



1889 
1890 
1891 
1802 



Seejl. Sec./l, Sec/t. Seejt. Seejl. SecJI. SecJt.SecJt. See/t. Seejl. 8eejl. Seejl. Ste.ft. 

I 150 145 150 180 224 384 

306 377 51» 840 1,926 1.194. 314 252 244 SMj 303 293* 572 

255 311, 492 478 1.226 1.190 423, 260 314 364 380 3«3 503 

330 331 361 377 1.079 1.511 44l! 201 201 241' 27» 257 469 



Means. 



296 346. 457 



565 1.410 ;.295 332 215 227 272 296 319 

I ; ! ! ! i 



503 



SPANISH FORK. 
[Ganging station at canyon above town of Spanish Fork, Utah. Drainage area, 670 sqnare mfles.] 



1889 
1890 



68 



76 143 387 777 205 114 



64 



Meana. 



50 
63 



68 



76 143 387 



777 205 114 



64 



57 



62 
64 



63. 



53 

50 



52 



67. 

50 



59 



172 



172 



SEVIER RIVER. 
[Ganging station at Leamington. Utah. Drainage area, 5,595 sqnare miles.] 



18»»9 

1890 625! 

1891 735f 

1892 1,016 



7i» 



I 



7i: 

772 
931 



630 726 1.705 1.250 346 
618 503 1.114 952 297r 
738 232 250 718 88 



48 

153 

195 

53 



53 
157 
175 

4» 



111 

310 

202 

53 



Means. 



274 
373 
312- 
117 



I 



395 
509 
551 
570< 



792 805 662 487 1,U23 VTi 244 112 108 169 269 506 



625 
535 

401 



513 



HENRY FORK. 
[Ganging station at ferr>'. 1 mile above mouth Falls river, Idaho. Drainage area, 931 square miles.] 



1890 1.200 1.250 1.300 1.875 4,580 2,270 1.550! 1,450^ 3.314 1,280 1,280 1.280' 1,719 

1891 1.280 1.280 1.280^.516 2.184 1.801 



Means 1.240 1.265 1.290 1,096 3.382 2.036 1.550, 1.450; 

I i ! . 



1,314 1.280 1.280 1.280 1.589 



FALLS RIVER. 
[Gauging station at canyon, 5 mile^ above month of river. Idaho. Drainage area. 594 square miles.] 



1891) 
1891 



1,750 3.342 2,706 1.669 971 774 660 541 520 

509 450 45l» 606 1.765 1,681 1.131 607 520 520 520 520 773 



Means. 



509 450 450 1.168 2.554 2.194 1.400 



r89 64; 



590 531 520 



984 



TETON RIVER. 
[Ganging station at Chase's ranch, near Ferry. Idaho. Drainage area, 967 square miles.] 



I 



I 



78 462^ 475 45o! 459 



1890 740 2,730 2,812 2,1301 678 

1891 400 465 450 6:i0 1.402 1,661 1.05(X 547 450 4441 *425| *425 696 

1892 '400 -425 450 blh 1,911 3,845 2.780 7.58 488 471* 450. •450 1,084 



i 



Means....; 400 445| 450 618 2,014 2,773 1.987. 661, 467| 464| 442* 445 



933 



13 GEOL., PT. Ill 7 



WATER SUPPLY FOB IBEIGATION. 

SNAKE BIVSR. 
ID M Idaho F^li. formcrlf kuoim u Eagl* Rock, IiUio. I>niiug« u 



Yosr, 


i Jm. i Fab. 

[ 


Mar. 


Apr. M«j-.*JnM 


July. 


Ang. 1 Sept. 

Stft 


Oot KoT. 


Dsc. Amiiul. 




\s«ji.a^ji. 


atc/l\saMSio/(.SecJt 


»^. ««,/(. 


iS:::::::::; 


..•3,(wo*a,«oo 


2,0* 


5.7W,JS.«I1«3<,B70 


19, 870 
^4,009 


ssissts 


.3:d 13:S? 


Unuu- 


■■l"-™!"" 


2.BM'4,T311»,8»7as,llilfl.3Tt 


5,977' S,»«, S,711 a,Ml B,500l B.6« 



OWTHEE RIVER, 
i: stAtlnp at Rigsbj, near OnCarfo. Oregao. Draiusgii ar 



IBM 


1 


1 


:S|lSi;:!!S 

.909|13.4MlS.U«;j 


llutX) 


U4I 


5ft 


5M 


s-ii; lo] 


ii" 




I8B1 


Ku; 


fl;i2' 


i-s» 






Mean..... 


"1 


'•"1 


.til a.33B 7,3B2l 


■^ 


E80 


335 


331 


M5 *»' 


"i 


!,1«2 



MALHEUR RIVER. 
{GftUKinK station at Valr, Oregon. Drainaj^ an 







MS 'S 


■9 

1 


2M 


3U 


s 


g. 


"1 


■H 


«L 






"1 
















Mama 


"i 




'■•» '■*" 


-="1 


IM 


3- 


22 


IB, 


"1 


"1 


SI 


iW 



WKISER ItlVER. 
(Ganging atalion at cauyou abova town uf Waiai-r, Idaho. Dmlnagr area. I.i 



i5,7Ta!*,TBS 4,g«i. 1,7M 5W) i; 

e-8| 2,855 1,777 1,3:111 TiCt 

e78[ *. 314' 3, SB 3, 107| 1,348 MM li 



AKXrAL DISrUAIKiE. 





Due 

Dfc 

Doc 


i^ 






. 


innri 


YellowBtnns 

Cache la Puudro.... 


1889 



milu.- fiieto.j See. 









2.085 1 


1.3»g,«0 

1111.249 

S.118.2M 




I. S.'W 

1T,61S 1 


2.30J|m» 
1,T:<2.8U 


1,175 1 




291. S« 


i,Ma 







TOTAL DISCUAROE. 
ASNUAL IHSCHAIlGE-CuDlinui^. 



Total Dninazr ~ 



Rlu linndc u Em- 



Din r.rande ai £1 

I'sso.TciM DeP-. 

lux.. 

Dec.. 

<;ib .1 Ang. 

Salt L>«. 

Trucks. Viata ' liar.' 

!>«.. 

EmtCarwn Mar. 

I Dm.-., 
!>"■., 

W,;sl''anii>n M..r. 

in-., 

lJcaralBiilIle<_'rt.-t, IVi-.. 

I>ct!i 
Ijear..l<_'allio.loil.. Kf- 

Ure.. 

Dec.. 

ttgd^n D«-, 

Wfb^r !>«•.. 

Dw.- 

Dtr.. 

AimmanFurk .lulv, 

IV.™ Use-, 

Dec.. 

Dee-. 

Span isii lurk I>ec., 

St>W Dr,:, 

DrC., 
, Dw.. 

Hcnn- .,.' Dec., 

FalL. Mbt. 

De.--, 

Teto.! : Miir, 

I Dec,. 
I Dec. 

Dec!! 
iiwylH*. Uiir. 

Dh'.. 

Dec., 
aallieiir .,,, Feb.. 

w,,., fX: 



MM «e!.«Ki a.<>«n 

JM 113.4!^ 

«< BK.nS 

I,|il2 T>!.«« 

<*8ti WJ,S7S 

l.MI I.Ma.2S4 4.«uu 

1..123 WT.SM 

■p[3 ',^b!4^ !;;!;!;!!! 

l,i>3|: 717.1M T.OOO 

1, JK »'. 7I» 30. 1)1)0 

idw i,«>)."2 

I.2M waiw 

M3 ' 3».i',i 13,TS-> I 

!.K« l.WT'.i'Jl li.XOI 

'teo "riisio 

KO TlH.S-i 4H 

2«S iiiiiw Tii 

1-J8 fti.iKi 

I.7S1 I.V^.IU 4..V-1 

1,224 i-«.i:« 

I, ,1:17 l.ll.VS')! ,. 

a.ws a.iw.i»« s oui 

I.M7 I.a:iT,:Ei' ! 

2.M7 I.SS.333 

«fi3 t^Oli 300 

l.ifis . 774. WO 1.1 

fcO Sa?,^*) 

907 «4,44S 

&!« aw!!;; ■ 

Wi »i!nu !!!!!! 

"tt:! Sos!te2 

i-Oiii rw.ai* 1 

io!«t5 7,iiB!7iu "io. 

llMIK 7.S77.74B 

lisiia 'smIsw 

s.isa 2.i:2.44e 

i.»2 i.ii«!iM» "i-'i 

771 , JJ*.2>K 






■ 






j 






1 






k 


1 


tIMjW 


1 






